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Part No. 


Organization 


Description 


No. of 
Pins 


Access/Cycle 

Time Range 

(nsec) 


Max. Current 
Range (mA) 


Power 
Supply 


Page 


Active 


Standby 


2115A 
2125A 
2115H 
2125H 


1Kx1 
1Kx1 
1Kx1 
1Kx1 


Static - High Speed - Open Collector 
Static - High Speed - Three State 
Static - High Speed • Open Collector 
Static • High Speed - Three State 


16 
16 
16 
16 


45-70 
45-70 
25-35 
20-35 


75-125 

75-125 

125-150 

125-150 




+ 5 
+ 5 
+ 5 
+ 5 


1-6 
1-6 
1-11 
1-11 


2114A 
2142 
2148H 
2149H 


1Kx4 
1Kx4 
1Kx4 
1Kx4 


Static - Low Power 

Static - Output Enable 

Static - High Speed - Power Down 

Static ■ High Speed - Fast CS 


18 
20 
18 
18 


100-250 

200-450 

45-70 

45-70 


40-70 

70-100 

125-180 

125-180 


20-30 


+ 5 
+ 5 
+ 5 
+ 5 


1-2 
1-33 
1-41 
1-45 


2141 
2147 
2147H 


4Kx1 
4Kx1 
4Kx1 


Static - Low Power ■ Power Down 
Static -High Speed - Power Down 
Static - High Speed ■ Power Down 


18 
18 
18 


120-250 
70-85 
35-55 


40-70 
140-160 
125-180 


5-20 
10-20 
15-30 


+ 5 
+ 5 
+ 5 


1-27 
1-37 


2167 
2168 


16Kx1 
4Kx4 


Static - High Speed - Power Down 
Static - High Speed - Power Down 


20 
20 


55-100 
55-100 


90-125 
150 


30-40 
40 


+ 5 
+ 5 


1-65 
1-69 


2Kx8 
4Kx8 
21 D1 
21 DO 


2Kx8 
4Kx8 
4Kx8 
8Kx8 


Static ■ Power Down 
Static ■ Power Down 
Pseudostatic ■ Muxed Bus 
Pseudostatic 


24 
28 
28 
28 


150 

150 
200/400 
170/300 


TBD 
TBD 
TBD 
TBD 


TBD 
TBD 
TBD 
TBD 


+ 5 
+ 5 
+ 5 
+ 5 


1-72 
1-73 
1-75 
1-74 


2118 
2164 


16Kx1 
64Kx1 


Dynamic - High Performance - Low Power 
Dynamic -High Performance - Low Power 


16 
16 


100/235-150/320 
150/300-250/465 


150 mW 
330 mW 


11 mW 
28 mw 


+ 5 
+ 5 


1-16 
1-49 


5104 
5114 


4Kx1 
1Kx4 


Static - CMOS - High Performance 
Static ■ CMOS -High Performance 


18 
18 


150 
150 


TBD 
TBD 


TBD 
TBD 


+ 5 
+ 5 


1-70 
1-71 



Military 



M2115A 
M2125A 


1Kx1 
1Kx1 


Static - High Speed - Open Collector 
Static - High Speed - Three State 


16 
16 


55-75 
55-75 


75-125 
75 




+ 5 
+ 5 


10-5 
10-5 


M2114A 
M2148H 


1Kx4 
1Kx4 


Static • Low Power 

Static - High Speed - Power Down 


18 
18 


150-250 
70 


50-70 
180 


30 


+ 5 
+ 5 


10-1 
10-25 


M2147H 


4Kx1 


Static • High Speed - Power Down 


18 


55-70 


180 


30 


+ 5 


iO-21 


M2118 


16Kx1 


Dynamic - High Performance 


16 


120/270-150/320 


138 mW 


11 mW 


+ 5 


10-10 



Industrial 



121 14A 
12118 


1Kx4 
16Kx1 


Static - Low Power 
Dynamic - High Performance 


18 
16 


150-250 
120/270-150/320 


50-70 
138 mW 


11 mW 


+ 5 
+ 5 


9-1 
9-4 



1-1 
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2114A 
1024 X 4 BIT STATIC RAM 





2114AL-1 


2114AL-2 


2114AL-3 


2114AL-4 


2114A-4 


2114A-5 


Max. Access Time (ns) 


100 


120 


150 


200 


200 


250 


Max, Current (mA) 


40 


40 


40 


40 


70 


70 



HMOS Technology 
Low Power, High Speed 
Identical Cycle and Access Times 
Single +5V Supply ±10% 
High Density 18 Pin Package 



Completely Static Memory - No Ctock 
or Timing Strobe Required 

Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 

2114 Upgrade 



The Intel® 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 21 14A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest 
possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 



PIN CONFIGURATION 



MI 

MI 

c§CZ 
gndC 



15 

5 2114A14 

6 13 

7 12 



D v cc 

IK 

IK 
IK 

3 i/o, 

H'/Oz 
U"0 3 

H»*>4 

I] WE 



LOGIC SYMBOL 




PIN NAMES 



Ao-A 9 ADDRESS INPUTS 


V cc POWER (+5V) 


WI WRITE ENABLE 


GND GROUND 


53 CHIP SELECT 




I/O, -l/0 4 DATA INPUT/OUTPUT 





® 



® 



® 



® 



® 



® 



I/O, 

— i/o 2 



@L 



©_ 



© 



1/03 



-fee 



-fc= 



-t*: 



-fe: 



-& 



-**= 



db- 
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BLOCK DIAGRAM 



ROW 
SELECT 



MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



® 

J5L 



INPUT 

DATA 

CONTROL 



COLUMN I/O CIRCUITS 



■rkv/miv i/w binbuno _______ ______ 

COLUMN SELECT ^* 

sRSRanST ^\ — 



@^(5^ 




O ■ P 'N NUMBERS 



INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to 150°C 

Voltage on any Pin 

With Respect to Ground -3.5V to +7V 

Power Dissipation 1 .OW 

D.C. Output Current 5mA 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Ex- 
posure is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = 5V ± 10%, unless otherwise noted. 



SYMBOL 


PARAMETER 


2114AL-1/L-2/L-3/L-4 

Min. Typ.l 1 l Max. 


Min. 


2114A-4/-5 
Typ.MI Max. 


UNIT 


CONDITIONS 


IIliI 


Input Load Current 
(All Input Pins) 


10 


10 


juA 


V, N = to 5.5V 


IIloI 


I/O Leakage Current 


10 


10 


MA 


CS=V, H 

V, /0 = GND to VCC 


ice 


Power Supply Current 


25 40 




50 


70 


mA 


Vcc = max, I |/o = m A, 
T A -0°C 


V, L 


Input Low Voltage 


-3.0 


• 0.8 


-3.0 




0.8 


V 




V,H 


Input High Voltage 


2.0 


6.0 


2.0 




6.0 


V 




"OL 


Output Low Current 


2.1 


9.0 


2.1 


9.0 




mA 


Vql = 0.4V 


'oh 


Output High Current 


-1.0 


-2.5 


-1.0 


-2.5 




mA 


Vqh = 2.4V 


los^i 


Output Short Circuit 
Current 


40 


40 


mA 





NOTE: 1. Typical values are for Ta = 25° C and Vqc = 5.0V. 
2. Duration not to exceed 30 seconds. 



CAPACITANCE 

T A = 25°C, f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


C|/0 


Input/Output Capacitance 


5 


pF 


v, /0 - ov 


C|N 


Input Capacitance 


5 


pF 


V IN =OV 



NOTE: This parameter is periodically sampled and not 100% tested. 



A.C. CONDITIONS OF TEST ^^ 

Input Pulse Levels 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Load 1 TTL Gate and C L = 100 pF 
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A.C. CHARACTERISTICS T A = 0°C to 70°C, V C c = 5V ± 10%, unless otherwise noted. 



READ CYCLE 



[11 



SYMBOL 


PARAMETER 


2114AL-1 
Min. Max. 


2114AL-2 
Min. Max. 


2114AL-3 
Min. Max. 


2114A-4/L-4 
Min. Max. 


2114A-5 
Min. 


Max. 


UNIT 


tRC 


Read Cycle Time 


100 


120 


150 


200 


250 


ns 


t A 


Access Time 


100 


120 




150 


200 


250 


ns 


tco 


Chip Selection to Output Valid 


70 


70 


>o 


70 


85 


ns 


tcx 


Chip Selection to Output Active 


10 


10 


10 


10 


10 


ns 


toTD 


Output 3-state from Deselection 


30 


35 


40 


50 


60 


ns 


toHA 


Output Hold from 
Address Change 


15 


15 


15 


15 


15 


ns 



WRITE CYCLE 



[2] 



SYMBOL 


PARAMETER 


2114AL-1 
Min. Max. 


2114AL-2 
Min. Max. 


2114AL-3 
Min. Max. 


2114A-4/L-4 
Min. Max. 


2114A-5 
Min. 


Max. 


UNIT 


twc 


Write Cycle Time 


100 


120 


150 


200 


250 


ns 


tw 


Write Time 


75 


75 


90 


120 


135 


ns 


twR 


Write Release Time 

















ns 


toTW 


Output 3-state from Write 


30 


35 


40 


50 


60 


ns 


tow 


Data to Write Time Overlap 


70 


70 


90 


120 


135 


ns 


tDH 


Data Hold from Write Time 

















ns 



NOTES: 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. t w is measured from the latter of C"S or WE going low to the earlier of C"S or WE going high. 



WAVEFORMS 

READ CYCLE® 



WRITE CYCLE 



wwwwvmv?^ 



\ f 

t C o * U 



=k 



'777 7777777 



S 



3- 



NOTES: 

3. WI is Jhigh for a Read Cycle. 

4. If the CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. 

5. WE* must be high during all address transitions. 



Z5( 



®. 



SI 



©m 



))))))))))))i 



2ZZMML 



<[ 



f 



wmm 



1-4 



Intel 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 



1.1 

1.0 


























0.9 

w 

1 0.8 
















O 

Z 0.7 

0.6 
0.5 



























4.75 5.00 

v cc (V) 



NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 
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Q 
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09 










0.8 
0.7 
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it 

o 
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0.5 











T A (°C) 



NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 



1 3 
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1 ? 












1 1 












1 n 
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150 200 250 300 

C L (PF) 



1.1 










8 10 

o 

N 09 


















< 

£ 08 










z 

07 




















0.5 











40 
T A (°C) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



30 
20 
10 




































OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



60 
40 






































1 



Vqh(V) 



v 0L (V) 
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intel 



2115A, 2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 





2115AL,2125AL 


2115A,2125A 


2115AL-2,2125AL-2 


2115A-2,2125A-2 


Max. T A a (ns) 


45 


45 


70 


70 


Max. Iqc (mA) 


75 


125 


75 


125 



■ Pin Compatible To 93415A 
(2115A) And 93425A (2125A) 

■ Fan-Out Of 10 TTL (2115A Family) 
- 16mA Output Sink Current 

■ Low Operating Power Dissipation 
--Max.0.39mW/Bit(2115AL,2125AL) 



■ TTL Inputs And Outputs 

■ Single +5V Supply 

■ Uncommitted Collector (2115A) 
And Three-State (2125A) Output 

■ Standard 16-Pin Dual In-Line 
Package 



The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output (2125A) are available. The 2115A and 2125A usefully DC stable (static) circuitry through- 
out - in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non- 
destructive^ and has the same polarity as the input data. 

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the 
21 15A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 

The 21 15A and 2125A families are fabricated with Intel's N-channel MOS Silicon Gate Technology. 



PIN CONFIGURATION 



LOGIC SYMBOL 



an 


1 16 


ZJVcc 


AoCZ 


2 15 


ZJ D I* 


MZ 


3 14 


^2 wi 


SCI 


4 13 


ZJ* 9 


A 3 CZ 


5 12 


ZK 


MZ 


6 11 


ZK 


°outLZ 


7 10 


ZK 


gndI 


8 9 


ZK 





CS 


D.w WE 


Ao — 


1 
2 


15 14 


A, 


3 




A 2 _ 


4 




A3 — 


5 




A 4 


6 




A 5 — 


9 




A 6 — 


10 




A 7 __ 
A 8 __ 


11 
12 




Ag- 


13 


7 



PIN 16 
PIN 8 



PIN NAMES 


cs 


CHIP SELECT 


A0TOA9 


ADDRESS INPUTS 


m 


WRITE ENABLE 


Din 


DATA INPUT 


Oout 


DATA OUTPUT 



BLOCK DIAGRAM 



SENSE AMPS 

AND 

WRITE 

DRIVERS 




CONTROL 
LOGIC 

(SEE TRUTH 
TABLE) 



©©©©© 



A b A 6 A 7 A 8 A 9 CS WE 

®®©@© © © 

TRUTH TABLE 



-°OUT 

© 



© 



INPUTS 


OUTPUT 
2115A FAMILY 


OUTPUT 
2125A FAMILY 


MODE 


CS WE D| N 


Oout 


Oout 




H X X 


H 


HIGH Z 


NOT SELECTED 


L L L 


H 


HIGH Z 


WRITE "0". 


L L H 


H 


HIGH Z 


WRITE "1" 


L H X 


Oout 


Oout 


READ 
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2115A, 21 25 A FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto +85°C 

Storage Temperature -65°C to +150°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -0.5V to +5.5V 

D.C. Output Current 20 mA 



^COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 11 ' 21 

V C c - 5V ±5%, T A = 0°C to 75°C 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


VOL1 


21 15A Family Output Low Voltage 






0.45 


V 


Iol= 16 mA 


VOL2 


2125A Family Output Low Voltage 






0.45 


V 


Iol = 7 ™A 


V|H 


Input High Voltage 


2.1 






V 




V|L 


Input Low Voltage 






0.8 


V 




IlL 


Input Low Current 




-0.1 


-40 


MA 


V C c = Max., V (N = 0.4V 


llH 


Input High Current 




0.1 


40 


M A 


V C c = Max., V, N = 4.5V 


IICEXI 


21 15A Family Output Leakage Current 




0.1 


100 


juA 


V CC = Max., V 0U T = 4.5V 


HoffI 


2125A Family Output Current (High Z) 




0.1 


50 


juA 


V C c = Max., Vqut = 0.5V/2.4V 


los [3] 


2125A Family Current Short Circuit 
to Ground 






-100 


mA 


Vqc = Max. 


V H 


Family Output High Voltage 


2.4 






V 


Iqh = -3.2 mA 


! CC 


Power Supply Current: 
l C ci:2115AL,2115AL-2, 2125AL, 
2125AL-2 




60 


75 


mA 


All Inputs Grounded, Output 
Open 


lqc2:2115A,2115A-2,2125A,2125A-2 




100 


125 


mA 



NOTES: 



1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 
warm-up. Typical thermal resistance values of the package at maximum temperature are: 

0JA (@ 400 fpM air flow) = 45°C/W 
0JA (still air) = 60°C/W 
0JC = 25°C/W 

2. Typical limits are at Vqc = 5V, T/\ = +25°C, and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 



21 15A FAMILY A.C. CHARACTERISTICS 11 ' 21 V cc = 5V ±5%, T A = 0°C to 75°C 
READ CYCLE 



Symbol 


Test 


21 15AL Limits 
Min. Typ. Max. 


2115A Limits 
Min. Typ. Max. 


2115AL-2 Limits 
Min. Typ. Max. 


2115A-2 Limits 
Min. Typ. Max. 


Units 


^ACS 


Chip Select Time 


5 


15 


30 


5 


15 


30 


5 


15 


30 


5 


15 


40 


ns 


tRCS 


Chip Select Recovery Time 




10 


30 




10 


30 




10 


30 




10 


40 


ns 


*AA 


Address Access Time 




30 


45 




30 


45 




40 


70 




40 


70 


ns 


^OH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


10 


ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tws 


Write Enable Time 




10 


25 




10 


30 




TO 


25 




10 


40 




*WR 


Write Recovery Time 







25 







30 







25 







45 


ns 


t w 


Write Pulse Width 


30 


20 




30 


10 




30 


15 




50 


15 




ns 


tWSD 


Data Set-Up Time Prior to Write 





-5 




5 


-5 







-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







5 







5 







ns 


tWSA 


Address Set-Up Time 


5 







5 







5 







15 







ns 


tWHA 


Address Hold Time 


5 







5 







5 







5 







ns 


twscs 


Chip Select Set-Up Time 


5 







5 







5 







5 







ns 


%HCS 


Chip Select Hold Time 


5 







5 







5 







5 







ns 



A.C. TEST CONDITIONS 



M2125A_ 
D OUT~ 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 



5Vpp /, 




X 



- 90% 
10% 



._♦, ^ — 10ns 



J 



-10% 
- 90% 
-10ns 



READ CYCLE 



X 



D OUT 



XDATA \f 



DATA VALID 



PROPAGATION DELAY FROM CHIP SELECT 



\ 



/ 



\ 



/ 



WRITE CYCLE 



\ 



x 



T 



£ 



~r 



■* *wscs — 



J c 



::•.•'■•. data :■•:,■•; 
;: undefined ; 



f~^£ 



t 



-'WHCS *■ 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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21 15 A, 21 25 A FAMILY 
















2125 FAMILY A.C. CHARACTERISTICS 11 ' 21 
READ CYCLE 


V CC = 5V ±5%, T A 


= 0°C to 75°C 






Symbol 


Test 


21 25 AL Limits 
Min. Typ. Max. 


21 25 A Limits 
Min. Typ. Max. 


2125AL-2 Limits 
Min. Typ. Max. 


2125A-2 Limits 
Min. Typ. Max. 


Units 


*ACS 


Chip Select Time 


5 


15 30 


5 15 


30 


5 


15 


30 


5 


15 40 


ns 


tzRCS 


Chip Select to HIGH Z 


10 30 


10 


30. 




10 


30 


10 40 


ns 


*AA 


Address Access Time 


30 45 


30 


45 




40 


70 


40 70 


ns 


t<DH 


Previous Read Data Valid After 
Change of Address 


10 


10 


10 


10 


ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Typ. Max. 


Min. Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. Max. 


Units 


tzws 


Write Enable to HIGH Z 


10 25 


10 


30 




10 


25 


10 40 


ns 


*WR 


Write Recovery Time 





25 





30 







25 





45 


ns 


t W 


Write Pulse Width 


30 


20 


30 10 


30 


10 




50 


15 


ns 


tWSD 


Data Set-Up Time Prior to Write 





-5 


5 -5 





-5 




5 


-5 


ns 


tWHD 


Data Hold Time After Write 


5 





5 


5 







5 





ns 


twSA 


Address Set-Up Time 


5 





5 


5 







15 





ns 


tWHA 


Address Hold Time 


5 





5 


5 







5 





ns 


twscs 


Chip Select Set-Up Time 


5 





5 


5 







5 





ns 


tWHCS 


Chip Select Hold Time 


5 





5 


5 







5 





ns 



A.C. TEST CONDITIONS 



M2115A_ 

Pout 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 
3.5Vp-p 



L/ 



± 



GND tr ~*1 1*~ 10ns 



\ 



90% 
10% 



J 



10% 
- 90% 
-10ns 



READ CYCLE 

A A 9 



WRITE CYCLE 



X 



\ 



Xdata" ,. \f 



DATA VALID 



PROPAGATION DELAY FROM CHIP SELECT 

cs 



V 



77W/ 

/HIGHZV 



m 



X 



X 



X 



X 



^^1/ 



*-'WHA-» 

'WHCS - 



xz 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1 5V) 
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2115A, 2125A FAMILY 



2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 



WRITE ENABLE 



DOUT 
DATA OUTPUT , 



DOUT 
DATA OUTPUT 



V 5v f 



J 



~} 0.5V 

HIGHZ 



2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



CHIP SELECT 



DOUT 
DATA OUTPUT 



DOUT 
DATA OUTPUT 



JF 



l ZRCS /" " 

"0" LEVEL ,t—y ^ 



>~ } 0.5 



(ALL t zxxx PARAMETERS ARE MEASURED AT A DELTA 
OF 05V FROM THE LOGIC LEVEL AND USING LOAD 1.) 



2115A/2125A FAMILY CAPACITANCE* V cc = 5V, f = 1 MHz, T A = 25°C 



SYMBOL 


TEST 


21 15A Family 
LIMITS 


2125A Family 
LIMITS 


UNITS 


TEST CONDITIONS 


TYP. 


MAX. 


TYP. 


MAX. 


C| 


Input Capacitance 


3 


5 


3 


5 


pF 


All Inputs = 0V, Output Open 


Co 


Output Capacitance 


5 


8 


5 


8 


pF 


CS = 5V, All Other Inputs = 0V, 
Output Open 



*This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



ICC VS. TEMPERATURE 



ice VS. V CC 



ACCESS TIME VS. TEMPERATURE 











I I I 

2115A.2115A-2 






















































21 


5AL, 
25AL. 


H15A 
2125A 


.-2 
.-2 ~ 










21 


i 

















10 20 30 40 50 60 70 80 
TEMPERATURE (°C) 



100 

90 

< 80 

E 

u 

O 70 

60 

50 

( 



























2 


115A, 
125A. 


2115A 
2125A 


-2 
-2 


























































S 1 

2 


115AL 
125AL 


2115 
2125 


(VL-2 
<\L-2 


t 












I 

Ta = 25°C 





















2 


15AL 
25AL 


2,211 
2,212 


5A-2 
5A 2 " 








































21 


15AL, 
25AL, 


2115A 
2125A 












~ 21 


















V C ( 


= 5V 



10 20 30 40 50 60 70 80 
TEMPERATURE (°C) 



Printed in U.S.A./E286/1179/PS 
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iny 



2115H, 2125H FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 





2125H-1 


2115H-2,2125H-2 


2115H-3,2125H-3 


2115H-4,2125H-4 


Max. T A a (ns) 


20 


25 


30 


35 


Max. Ice (mA) 


150 


125 


100 


125 



HMOS H Technology 

Pin Compatible to 93415A (2115H) and 
93425A (2125H) 

16mA Output Sink Current 

Low Operating Power Dissipation — 
Max. 0.53 mW/Bit (2115H-3, 2125H-3) 



TTL Inputs and Outputs 

Single + 5V Supply 

Uncommitted Collector (2115H) and 
Three-State (2125H) Output 

Standard 16-Pin Dual In-Line Package 



The Intel® 2115H and 2125H families are high speed, 1024 words by 1-bit random access memories fabricated with 
HMOSH, Intel's advanced N-channel MOS silicon gate technology. Both open collector (2115H) and three-state output 
(2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry throughout — in both the array and the 
decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-destructively and has the 
same polarity as the input data. 

HMOSITs advanced technology allows the production of the industry's fastest, low power, 1K static RAMs — offering 
access times as low as 20ns. 

HMOS II allows the production of the 2115H/2125H families, fully compatible with the 1K Bipolar RAMs yet offering 
substantial reductions in power dissipation. The power dissipations of 525mW maximum and 656mW maximum 
compared to 814mW maximum offer reductions of 19% and 36% respectively. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select ( CS) 
lead allows easy selection of an individual package when outputs are OR-tied. 



PIN CONFIGURATION 



AoCZ 2 
Aid 
A 2 d 
AaC 

A4LZ 

D ouiUZ 
gnd[ 



| WE 

A 8 

A 6 
As 



LOGIC SYMBOL 



L±A 



PIN 16 
PIN 8 



PIN NAMES 


cs 


CHIP SELECT 


Ao TOAg 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


OlN 


DATA INPUT 


DOUT 


DATA OUTPUT 



BLOCK DIAGRAM 



TTTTT TMTT 

®©0©^ ®@(?>dki> 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLEI 



TRUTH TABLE 



INPUTS 


OUTPUT 
2115H FAMILY 


OUTPUT 
2125H FAMILY 


MODE 


CS WE Din 


Dout 


Dout 




H X X 


HIGH Z 


HIGH Z 


NOT SELECTED 


L L L 


HIGH Z 


HIGH Z 


WRITE "0" \ 


L L H 


HIGH Z 


HIGH Z 


WRITE "V- 


L H X 


Dout 


Dout 


READ 
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2115H/2125H FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto +85°C 

Storage Temperature -65° C to +1 50° C 

All Output or Supply Voltages. . -0.5V to +7V 

All InputVoltages . -1.5Vto + 7V 

D.C. Output Current 20 mA 



^COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS' 1 a 

V C c = 5V ±5%, T A = 0°C to 75°C 



Symbol 


Test 


Mln. 


Typ. 


Max. 


Unit 


Conditions 


Vol 


2115H/25H Family Output Low Voltage 






0.45 


V 


Iol = 16 mA 


V, H 


Input High Voltage 


2.1 






V 




V IL 


Input Low Voltage 






0.8 


V 




•lL 


Input Low Current 




-0.1 


-40 


//A 


V cc = Max., V, N = 0.4V 


I.H 


Input High Current 




0.1 


40 


M 


V cc = Max., V, N = 4.5V 


II-CEXI 


2115H Family Output Leakage Current 




0.1 


100 


M 


Vcc = Max., Vqut = 4.5V 


Howi . 


2125H Family Output Current (High Z) 




0.1 


50 


Hk 


V cc = Max., Vout = 0.5V/2.4V 


los 


2125H Family Current Short Circuit 
to Ground 




125 


200 


mA 


Vcc = Max. 


VOH 


Family Output High Voltage 


2.4 






V 


Ioh = -5.2 mA 


Ice 


Power Supply Current: 
Icci: 2125H-1 




80 


150 


mA 


All Inputs Grounded, Output 
Open 


2115H-2/2125H-2 
CC2, 2115H-4/2125H-4 




80 


125 


- mA 


lcc 3 : 2115H-3/2125H-3 




80 


100 


mA 



NOTES: 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at V cc = 5V, T A = +25° C, and maximum loading. 
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2115H/2125H FAMILY 



2115H FAMILY A.C. CHARACTERISTICS 
READ CYCLE 



V C c = 5V ±5%, T A = C to 75 C 



Symbol 


Test 


2115H-2 Limits 
Mln. Max. 


2115H-3 Limits 
Mln. Max. 


2115H-4 Limits 
Mln. Max. 


Units 


tACS 


Chip Select Time 


15 


20 


20 


ns 


tRCS [1] 


Chip Select Recovery Time 


20 


20 


20 


ns 


tAA 


Address Access Time 


25 


30 


35 


ns 


t0H [1] 


Previous Read Data Valid After 
Change of Address 











ns 



WRITE CYCLE 



Symbol 


Test 


Mln. 


Max. 


Mln. 


Max. 


Mln. 


Max. 


Units 


tws [1J 


Write Enable Time 


15 


20 


20 


ns 


twR 


Write Recovery Time 





15 





20 





20 


ns 


tw 


Write Pulse Width 


20 


20 


25 


ns 


twSD 


Data Set-Up Time Prior to Write 











ns 


twHD 


Data Hold Time After Write 











ns 


twSA 


Address Set-Up Time 


5 


5 


5 


ns 


twHA 


Address Hold Time 











ns 


twscs 


Chip Select Set-Up Time 


5 


5 


5 


ns 


twHCS 


Chip Select Hold Time 





5 


5 


ns 



[1] These specifications are guaranteed by design and not production tested. 

A.C TEST CONDITIONS 



< 300S> 



2115H 



ALL INPUT PULSES 

-T 

3.0V F 



2115H_ 

°6ut 



-L. 30pF 

(INCLUDING 
SCOPE AND 
JIG) 



3.0V p-p / 1 



^X 



JX 



S 



LOAD FOR t RCS , t ws — 



READ CYCLE 



WRITE CYCLE 



A A 9 



X 



\ 



XDATA \f 

,, UNDEFINED . JflV 



DATA VALID 



PROPAGATION DELAY FROM CHIP SELECT 



\ 



f 



F 



X 



I 



£ 



V_jP 



■•— T WSA — •- 

•wscs — 



DATA 
UNDEFINED 



-«ws 



7 \E 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115H/2125H FAMILY 



2125H FAMILY A.C. CHARACTERISTICS 
READ CYCLE 


V CC = 5V 


±5%,T A = 0°Cto75°C 






Symbol 


Test 


2125H-1 Limits 
Min. Max. 


2125H-2 Limits 
Min. Max. 


2125H-3 Limits 
Min. Max. 


2125H-4 Limits 
Min. Max. 


Units 


tACS 


Chip Select Time 


15 


15 


20 


20 


ns 


tZRCS Ml 


Chip Select to HIGH Z 


20 


20 


20 


20 


. ns 


Ua 


Address Access Time 


20 


25 


30 


35 


ns 


t0H M 


Previous Read Data Valid After 
Change of Address 














ns 


WRITE CYCLE 


Symbol 


Test 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Units 


tzws [1] 


Write Enable to HIGH Z 


15 


15 


20 


20 


ns 


tWR 


Write Recovery Time 





15 





15 





20 





20 


ns 


tw 


Write Pulse Width 


15 


20 


20 


25 


ns 


tWSD 


Data Set-Up Time Prior to Write 














ns 


tWHD 


Data Hold Time After Write 














ns 


twSA 


Address Set-Up Time 


5 


5 


5 


5 


ns 


tWHA HI 


Address Hold Time 








o 





ns 


twscs 


Chip Select Set-Up Time 


5 


5 


5 


5 


ns 


tWHCS 


Chip Select Hold Time 








5 


5 


ns 



[1] These specifications are guaranteed by design and not production tested. 



A.C. TEST CONDITIONS 



ALL INPUT PULSES 

T 

3.0V p 



2125H 
D OUT~ 



)V p-p /l 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



X 



K 



"A 



■f--90% 
— 5ns 



READ CYCLE 

A A 9 



X 



X- DATA "'"■'■ \f 



WRITE CYCLE 



DATA VALID 



PROPAGATION DELAY FROM CHIP SELECT 



v 



■WW 



■ 



\ 



X 



X 



\-? 



7 / HIGH 






(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 



f~ 



<WHA—»- 

'WHCS *• 
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2115H/2125H FAMILY 



2125H FAMILY WRITE ENABLE TO HIGH Z DELAY 



WRITE ENABLE 



DOUT 
DATA OUTPUT 



DOUT 
DATA OUTPUT 



f 



f HIGH Z 

= } 0.5V 

ZZ} 0.5V 

\ HIGH Z 



2125H FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



CHIP SELECT 



DOUT 
DATA OUTPUT 



DOUT 
DATA OUTPUT 



/ 






HIGH Z 
0.5V 



y 0.5V 

HIGHZ 



(ALL t zxxx PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 



2115H/2125H FAMILY CAPACITANCE* v cc =5V, f = 1 MHz, T A = 25°c 



SYMBOL 


TEST 


2115H Family 
LIMITS 


2125H Family 
LIMITS 


UNITS 


TEST CONDITIONS 


TYP. 


MAX. 


TYP. 


MAX. 


C| 


Input Capacitance 


3 


5 


3 


5 


pF 


All Inputs = 0V, Output Open 


Co 


Output Capacitance 


5 


8 


5 


8 


pF 


CS = 5V, All Other Inputs = GV, 
Output Open 



•This parameter is periodically sampled and is not 100% tested. 
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2118 FAMILY 
16,384 x 1 BIT DYNAMIC RAM 





2118-10 


2118-12 


2118-15 


Maximum Access Time (ns) 


100 


120 


150 


Read, Write Cycle (ns) 


235 


270 


320 


Read-Modify-Write Cycle (ns) 


285 


320 


410 



CAS Controlled Output is 

Three-State, TTL Compatible 

RAS Only Refresh 

128 Refresh Cycles Required 

Every 2ms 

Page Mode and Hidden 

Refresh Capability 

Allows Negative Overshoot 

V| L min = -2V 



■ Single +5V Supply, ±10% Tolerance 

■ HMOS Technology 

■ Low Power: 150 mW Max. Operating 

11 mW Max. Standby 

■ Low V DD Current Transients 

■ All Inputs, Including Clocks, 
TTL Compatible 

The Intel® 21 18 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single +5V power supply. The 
2118 is fabricated using HMOS — a production proven process for high performance, high reliability, and high storage 
density. 

The 2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry stan dard 
16-pin DIP. The two 7-bi t add ress words are latched into the 21 1 8 by the t wo T TL cl ocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 

The 21 18 three-state output is cont rolled by CAS, independent of RAS. After a valid read or read-modify-write cyc le, da ta 
is latched on the output by holding CAS low. The data out p in is returned to the high impedance state by re turn ing CAS to 
a high s tate. The 2118 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 

The single transistor storage ceil requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through 
A 6 during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is 
addressed. 



PIN 
CONFIGURATION 




LOGIC SYMBOL 





A 




A 1 




A2 D, N 

A 3 

A 4 

A 5 

A 6 ° OUT 






RAS 




CAS 




WE 



A -A 6 


ADDRESS INPUTS 


CAS 


COLUMN ADDRESS STROBE 


D(N 


DATA IN 


DOUT 


DATA OUT 


WE 


WRITE ENABLE 


RAS 


ROW ADDRESS STROBE 


Vdd 


POWER (+5V) 


Vss 


GROUND 



Aq— 



U> 



A 5 — 
A 6 — 



LATCH 
(ROW) 



^> 



CLOCK 

GENERATOR 

NO. 1 



BLOCK DIAGRAM 



^> 



1 OF 64 

ROW 

DECODERS 



:> 



^> 



1 OF 64 

ROW 

DECODERS 



128 SENSE 

AMPLIFIERS 

1 OF 64 COLUMN 

DECODERS 



o 



1 OF 2 
I/O H" 

GATING 



OUTPUT 
BUFFER 



P 



CLOCK 

GENERATOR 

NO. 2 



WRITE 
ENABLE 
BUFFER 



DATA 
INPUT 
BUFFER 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ... -10° C to +80° C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin Relative to Vss 7.5V 

Data Out Current 50mA 

Power Dissipation 1 .0W 



'COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 111 

Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 





Parameter 


Limits 


Unit 


Test Conditions 




Symbol 


Min. 


Typ.' 2 ' 


Max. 


Notes 


ulii 


Input Load Current (any input) 




0.1 


10 


mA 


Vin=Vss to Vdd 




MloI 


Output Leakage Current for 
High Impedance State 




0.1 


10 


ma 


Chip Deselected: CAS at Vih, 
Vout = to 5.5V 




Iddi 


Vdd Supply Current, Standby 




1.2 


2 


mA 


CAS and RAS at Vih 




IDD2 


Vdd Supply Current, Operating 




23 


2'7 


mA 


2118-10, t RC =t R CMIN 


3 






21 


25 


mA 


2118-12, t RC = t R cMiN 


3 






19 


23 


mA 


2118-15, t R c = t R CMIN 


3 


IDD3 


Vdd Supply Current, RAS-Only 
Cycle 




16 


18 


mA 


2118-10, t RC = t RG MIN 


3 






14 


16 


mA 


2118-12, t R c = t R CMIN 


3 






12 


14 


mA 


2118-15, t RC = t R CMIN 


3 


IDD5 


Vdd Supply Current, Standby, 
Output Enabled 




2 


4 


mA 


CAS at Vil, RAS at Vih 


3 


VlL 


Input Low Voltage (all inputs) 


-2.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




7.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




VOH 


Output High Voltage 


2.4 






V 


lOH = -5mA 





NOTES: 

1. All voltages referenced to Vss 

2. Typical values are for TA = 25° C and nominal supply voltages. 

3. I DD is dependent on output loading when the device output is selected. Specified l DD max is measured with the output open. 



CAPACITANCE 111 

Ta = 25° C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cn 


Address, Data In 


3 


5 


pF 


C|2 


RAS, CAS, WE, Data Out 


4 


7 


PF 



NOTES: 

I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = IAt w jtn AV equal to 3 volts and power supplies at nominal levels. 
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A.C. CHARACTERISTICS' 1 231 

Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss= OV, unless otherwise noted. 
R1AD, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 



NOTES: 

1. All voltages referenced to Vss- 

2. Eight cycles are require d afte r power-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cyqles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tr= 5ns. 

4. Assume that tRCD ^ tRCD (max.). If tRCD is greater than tRCD 
(max.) then tRAC will increase by the amount that tRco exceeds 
tRCD (max.). 

5. Load = 2 TTL loads and 100pF. 
6 Assumes tRCD & tRCD (max.) 



7. tRCD (max.) is specified as a reference point only, if tRCD is less 
than tRCD (max.) access time is tRAC. if tRCD is greater than tRco 
(max.) access time is tRCD + tcAC. 

8. tT is measured between Vih (min.) and Vil (max.). 

9. twcs, tcwD and tRWD are specified as reference points only. If 
twcs 5 twcs (min.) the cycle is an early write cycle and the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwo 5 tcwo (min.) and tRwo 5 tRWD (min), the cycle is 
a read-modif y-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 





Parameter 


2118-10 


2118-12 


2118-15 


Unit 




Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Notes 


tRAC 


Access Time From RAS 


100 


120 


150 


ns 


4,5 


tCAC 


Access Time From CAS 


55 


65 


80 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


2 


2 


ms 




tRP 


RAS Precharge Time . 


110 


120 


135 


ns 




tCPN 


CAS Precharge Time<non-pagecycies> 


50 


55 


70 


ns 




tCRP 


CAS to RAS Precharge Time 











ns 




tRCD 


RAS to CAS Delay Time 


25 


45 


25 


55 


25 


70 


ns 


7 


tRSH 


RAS Hold Time 


70 


85 


105 


ns 




tCSH 


CAS Hold Time 


100 


120 


165 


ns 




tASR 


Row Address Set-Up Time 











ns 




tRAH 


Row Address Hold Time 


15 


15 


15 


ns 




tASC 


Column Address Set-Up Time 











ns 




tCAH 


Column Address Hold Time 


15 


15 


20 


ns 




tAR 


Column Address Hold Time, to RAS 


60 


70 


90 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


8 


tOFF 


Output Buffer Turn Off Delay 





45 





50 





60 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


235 


270 


320 


ns 




tRAS 


RAS Pulse Width 


115 


10000 


140 


10000 


175 


10000 


ns 




tCAS 


CAS Pulse Width 


55 


10000 


65 


10000 


95 


10000 


ns 




tRCS 


Read' Command Set-Up Time 











ns 




tRCH 


Read Command Hold Time 











ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


235 


270 


320 


ns 




tRAS 


RAS Pulse Width 


115 


10000 


140 


10000 


175 


10000 


ns 




tCAS 


CAS Pulse Width 


55 


10000 


65 


10000 


95 


10000 


ns 




twcs 


Write Command Set-Up Time 











ns 


9 


tWCH 


Write Command H6ld Time 


25 


30 


45 


ns 




tvVCR 


Write Command Hold Time, to RAS 


70 


85 


115 


ns 




tWP 


Write Command Pulse Width 


25 


30 


50 


ns 




tRWL 


Write Command to RAS Lead Time 


60 


65 


110 


ns 




tCWL 


Write Command to CAS Lead Time 


45 


50 


100 


ns 




tDS 


Data-in Set-Up Time 











ns 




tDH 


Data-in Hold Time 


25 


30 


45 


.ns 




tDHR 


Data-in Hold Time, to RAS 


70 


85 


115 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Modify-Write Cycle Time 


285 


320 


410 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


165 


10000 


190 


10000 


265 


10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


105 


10000 


120 


10000 


185 


10000 


ns 




tRWD 


RAS to WE Delay 


100 


120 


150 


ns 


9 


tCWD 


CAS to WE Delay 


55 


65 


80 


ns 


9 
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WAVEFORMS 

READ CYCLE 



Mh" 
ADDRESSES 



^<a 



(?) t C RP »► 



7 



m 



157 



ROW 
ADDRESS 



:o: 



>&. 



t A R- 

*asc 



COLUMN 
ADDRESS 



x 



r= 



\ 



/■ 



*^t RCH ® 



T 



© 



¥ 

Pk 



© 



\ 



VALID 
DATA OUT 



~*i© 



,r- 



WRITE CYCLE 




D V ° H - 

out vol 



IMPEDANCE 



1,2. V, H MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 A v OH MIN AN D V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT< I'loI- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CRP REQUIREMENT IS ONLY APPLICABLEFOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 

READ-MODI FY-WRITE CYCLE 



V H 

D ou . 

oul Vol impedance 

RAS-ONLY REFRESH CYCLE 




©"*,© 



■• tCRpflf) 



IH \ " (T) ROW J 7 

' />r ADDRESS n \ 



® 



X. 



HIDDEN REFRESH CYCLE 

(For Hidden Refresh Operation order 2118-10 S6445, 2118-12 S6446 or 2118-15 S6447) 




NOTES: 1,2. V, H min AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3A V 0H M , N AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. toFF IS MEASURED TO l UT < I'lo I- 

6. t DS AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t RCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR P REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE 17811 ' 

Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 
(For Page Mode Operation order 2118-10 S6329, 2118-12 S6330 or 2118-15 S6331) 





Parameter 


2118-10 
S6329 


2118-12 
S6330 


2118-15 
S6331 


Unit 




Symbol 


Min. Max. 


Min. Max. 


Min. Max. 


Notes 


tpc 


Page Mode Read or Write Cycle 


125 


145 


190 


ns 




tPCM 


Page Mode Read Modify Write Cycle 


175 


200 


280 


ns 




tCP 


CAS Precharge Time, Page Cycle 


60 


70 


85 


ns 




tRPM 


RAS Pulse Width, Page Mode 


115 10000 


140 10000 


175 10000 


ns 




tCAS 


CAS Pulse Width 


55 10000 


65 10000 


95 10000 


ns 




IDD4 


Vdd Supply Current Page Mode, 
Minimum tpc, Minimum tcAS 


20 


17 


15 


mA 





WAVEFORMS 

PAGE MODE READ CYCLE 



(io)tcRp— •■ 



© 



.© 



TS\ 



IH T)\] * ROW ' i/ \ ' COL [7 



3 



© 



r\ a / 



•— 0<RCH ■- 



©. 







& 



YcoTV 



o 



© 



$ 



ADD A 



O 



— tRP— ■ 



^ 



o 



NOTES: 1,2. V, H MlN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 ' 4 - v OH MIN AND V 0L MAX are REFERENCE LEVELS FOR MEASURING TIMING OF D OUT . 

5. t FF IS MEASURED TO l UT - Hlo'- 

6. t RCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO V S s- 

8. AC CHARACTERISTIC ASSUME t T = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. t C RP REQUIREMENT IS ONLY APPLICABLEJFOR RAS/CAS CYCLES PRECEEDED BY A CAS- 

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2118-10 S6329 WILL OPERATE AS A 2118-10). 
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PAGE MODE 
WRITE CYCLE 



IHC ®\ 

VlL (D \ 



)tCRP~*>-J 
V|L-/ 



©t C RP 

-, v, 



*ASR 



V|HC 
Vii- 



-tRCD" 



1^ 



©■ 



ROW 
ADD 



© 



■® 



^ / \ 



— »A -*- t ASC 



,® 



-tpHR- 



(** %CH *■ 



:^^2^czrD. / 



~t WP — 

— *DH- 



tASC— *■ 



Y® VALID 3 7 ^ ^lTd *S/ \ E VALID 'T" 

A® DATA A A DATA A ,hA 2™ A 



l DS- 



-tRSH- 
- *CAS - 






*. h — t C PN — H 



_, /yi j™ f\ 



*CAH 



-t CWL 



PAGE MODE READ-MODIFY-WRITE CYCLE 




V ° H HIGH @ 

Vol impedance (?\. 



VALID \@ 

DATA OUT 



NOTES: 1,2. V, H M , N AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. V 0H M | N AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO I UT < |Ilo I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t RC H IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR p REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL SUPPLY CURRENT WAVEFORMS 



Ras" v ih 











ras/Sas 














RAS ONLY REFRESH 
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CKB v ih 



WE V| H 



LONG RAS/CAS 
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A 




































/\ 




































L\ 


*— « — n» 













400 500 

TIME (ns) 



Typ ical p owe r supply waveforms vs. time are shown for 
the RAS/CAS timings of Read/Write, Read/Write (Long 
RAS/CAS), and RAS-only refr esh cycles. I DD current 
transients at the RAS and CAS edges require adequate 
decoupling of these supplies. 

The effects of cycle time, V DD supply voltage and ambient 



temperature on the Idd current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for l DD1) l DD2 , and l DD3 is related by a 
common point at V DD = 5.0V and T A = 25° C for two given 
tRAS pulse widths. The typical Idd current for a given 
condition of cycle time, V DD and Ta can be determined by 
combining the effects of the appropriate family of curves. 
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TYPICAL CHARACTERISTICS 



GRAPH 1 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. V DD 



GRAPH 2 

TYPICAL ACCESS TIME 

tRAC (NORMALIZED) VS. 

AMBIENT TEMPERATURE 



GRAPH 3 

TYPICAL STANDBY CURRENT 

IDD1 VS. V DD 















T A 


= 70°C 































































V DD = 4.5V 
I 































T A = 


0°C 











4.0 4.5 5.0 5.5 

V DD - SUPPLY VOLTAGE (VOLTS) 



T A - AMBIENT TEMPERATURE (°C) 



V DD -SUPPLY VOLTAGE (VOLTS) 



GRAPH 4 

TYPICAL STANDBY CURRENT 

l DD1 VS. AMBIENT TEMPERATURE 



GRAPH 5 

TYPICAL OPERATING CURRENT 

•dD2 VS. *RC 



GRAPH 6 

TYPICAL OPERATING CURRENT 

•dD2 VS. V dd 









D = 5.5V — 






v D 



























T A = 


25° C 






Vdd 


= 5.0V 




















500 ns 






tRAS = 1 


5ns 



— T A = 25« 












= 115ns 

235 ns 






{ RC = 














l RAS 
r RC 


= 500 ns 
= 750 ns 



20 40. 60 

T A - AMBIENT TEMPERATURE (°C) 



400 600 800 

t RC -CYCLE TIME (ns) 



4.5 5.0 5.5 6.0 

V DD - SUPPLY VOLTAGE (VOLTS) 



GRAPH 7 
TYPICAL OPERATING CURRENT 
l DD2 VS. AMBIENT TEMPERATURE 



GRAPH 8 

TYPICAL RAS ONLY 

REFRESH CURRENT 

lDD3 VS. t R c 



GRAPH 9 

TYPICAL RAS" ONLY 

REFRESH CYCLE 

Idd3 vs. Vqd 



— V DD = i 


















{ RAS = 
l RC " 


115ns 
235 ns 






















*RAS 
tRC 


= 500 ns 
= 750ns 



T A = 25° C 






V DD = 5.C 


V 














\ 












t RAS = 500 ns 


tRAS = , 115ns 



T A = 2J 


°C 




















5 = 115ns_ 
= 235 ns 






tRC 












tR 


S - 500 ns 
C = 750 ns 



T A -AMBIENT TEMPERATURE (°C) 



400 600 800 

t RC -CYCLE TIME (ns) 



4.5 5.0 5.5 6.0 

V DD -SUPPLY VOLTAGE (VOLTS) 
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TYPICAL CHARACTERISTICS 



GRAPH 10 

TYPICAL RAS ONLY 

REFRESH CURRENT 

l DD3 VS. AMBIENT TEMPERATURE 



GRAPH 11 

TYPICAL OUTPUT SOURCE CURRENT 

Iqh VS. OUTPUT VOLTAGE V 0H 



Vdd 


= 5.0V 


























tRAS = 115ns 
tRC = 235 ns 






t 


= 500 ns — 
= 750 ns 






tRC 











? 20 



T A 

■ v DD 


25° C 





































20 40 60 

-AMBIENT TEMPERATURE (°C) 



1 2 3 

Vqh -OUTPUT VOLTAGE (VOLTS) 



GRAPH 12 

TYPICAL OUTPUT SINK CURRENT 

Iql VS. OUTPUT VOLTAGE V 0L 







Ta = 


25° C 






Vdd 


= 5.0V 
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f 






/ 








/ 









V 0L - OUTPUT VOLTAGE (VOLTS) 



DEVICE DESCRIPTION 

The Intel® 2118 is produced with HMOS, a high 
performance MOS technology which incorporates on 
chip substrate bias generation. This process, combined 
with new circuit design concepts, allows the 2118 to 
operate from a single +5V power supply, eliminating the 
+12V and -5V requirements. Pins 1 and 9 are not 
connected, which allows P.C.B. layout for future higher 
density memory generations. 

The 2118 is functionally compatible with the industry 
standard 16-pin 1 6K dynamic RAMs, except for the power 
supply requirements. Replacing the +12V supply with a 
+5V supply and eliminating the -5V bias altogether, 
allows simple upgrade both in power and performance. 
To achieve total speed performance upgrade, however, 
the timing ciruitry must be modified to accommodate the 
higher performance. 

READ CYCLE 

A Read cycle is p erformed b y maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 



Device access time, 
calculated intervals: 

1- tACC = tRAC 



tACC, is the longer of the two 
OR 2. t AC c = tRCD + tCAC 



Access time from RAS, tRAC, and access time from CAS, 
tCAC, are device parameters. Row to column address 
strobe delay time, tRCD, are system dependent timing 



parameters. For example, substituting the device para- 
meters of the 2118-3 yields: 

3. tACC = tRAC = 100nsec for 25nsec < t RC D < 45nsec 

OR 

4. t A cc = tRCD + tcAC = tRCD + 55nsec for t RC D> 45nsec 
Note that if 25nsec < tRCD < 45nsec device access time is 
determined by equation 3 and is equal to tRAC. If tRCD > 
45nsec access time is determined by equation 4. This 
20nsec interval (shown in the tR CD ine quality in equation 
3) in which the falling edge of CAS can occur without 
affecting access time is provide d to allow for system 
timing skew in the generation of CAS. 

REFRESH CYCLES 

Each of the 1 28 rows of the 21 1 8 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 

1 . Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Mod if y-Write) 

3. RAS-only Cycle 

refres hes the selected row as defined by the low order 
(RAS) addresses. Any Write cycle, of course, may change 
the state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RAS-only refresh cycle is the recommended tech nique 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dqut in the high 
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impedance state with a typical power reduction of 30% 
over a Read or Write cycle. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tcAS respectively. These minimum pulse widths 
must be maintained for proper device operati on a nd data 
integ rity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum precharge time, tRp, has been 
met. 

DATA OUTPUT OPERATION 

The 2118 Data Output (P out), which has three-state 
capab ility, is controlled by CAS. During CAS high state 
( CAS at Vih) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 

Intel 2118 Data Output Operation 
for Various Types of Cycles 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 



POWER ON 

After the application of the Vdd supply, or after extended 
periods of bias (greater than 2ms) without clocks, the 
device must perform a minimum of eight (8) ini tializ ation 
cycles (a ny c ombination of cycles containing a RAS clock 
such as RAS-only refresh) prior to normal operation. 



The Vdd current (Idd) requirement of the 2118 during 
powe r on is, h owever, dependent upon the input levels of 
RAS and CAS. If the input levels of these clocks are at Vih 
or V D d. whichever is lower, the I D d requirement per device 
is Iddi Odd standby). If the input levels for these clocks 
are lower than V !H or Vdd the Idd requirement will be 
greater than Iddi. as shown in Figure 2. 



Type of Cycle 


Dqut State 


Read Cycle 


Data From Addressed 
Memory Cell 


Early Write Cycle 
RAS-Only Refresh Cycle 
CAS-Only Cycle 
Read/Modify /Write Cycle 

Delayed Write Cycle 


Hl-Z 
Hl-Z 
Hl-Z 
Data From Addressed 

Memory Cell 
Indeterminate 



HIDDEN REFRESH 

An optional feature of the 2118 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This feature is referred to as Hidd en Re fresh. Hid- 
den R efres h is performed by holding CAS at Vjl and 
taking RAS high a nd a fter a specified precharge p eriod 
(tRp), executing a "RAS-Only" refresh cycle, but with CAS 
held low (see Figure 1.) 
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Figure 1. Hidden Refresh Cycle. 



Figure 2. Typical l DD VS Vdd during power up. 



For large systems, this current requirement for Idd could 
be substantially more than that for which the system has 
been designed. A system which has been designed, 
assuming the majority of devices to be operating in the 
refresh/standby mode, may produce sufficient Idd 
loading such that the power supply may current limit. To 
assure that the system will not experience such loading 
during power on, a pullup resistor for each clock input to 
V D d to maintain the non-selected current level (Iddi) for 
the power supply is recommended, 
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2141 
4096 X 1 BIT STATIC RAM 





2141-2 


2141-3 


2141-4 


2141-5 


2141L-3 


2141 L-4 


2141L-5 


Max. Access Time (ns) 


120 


150 


200 


250 


150 


200 


250 


Max. Active Current (mA) 


70 


70 


55 


55 


40 


40 


40 


Max. Standby Current (mA) 


20 


20 


12 


12 


5 


5 


5 



HMOS Technology 

Industry Standard 2147 Pinout 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 



Automatic Power-Down 

Directly TTL Compatible — All Inputs 
and Output 

Separate Data Input and Output 

Three-State Output 

High Density 18-Pin Package 



The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories ano the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2141 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The 2141 is placed in an 1 8-pin package configured with the industry standard pinout, the same as the 21 47. It is directly TTL 
compatible in all respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same 
polarity as the input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



AoC 
Aid 
A 2 C 
A 3 C 
A4C 
A 5 C 

DoutC 

weC 

gndC 



D v cc 
DA 6 

I]A 7 
DA8 

]A 9 

:a, 

13 An 

Ues 



— 


Ao 





A1 





A 2 





A3 





A 4 





A 5 





A6 D UT 




A 7 





A 8 




A 9 





A10 


— 


An 




D| N WE CS 



rr 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


Vcc POWER (+5tf) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




Do LU- 


DATA OUTPUT 





TRUTH TABLE 



CS 


WE 


MODE 


OUTPUT 


POWER 


H 
L 

L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
Dqut 


STANDBY 
ACTIVE 
ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto85°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -1.5V to +7V 

Power Dissipation 1 .2W 

D.C. Output Current 20mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V±10% unless otherwise noted. 



Symbol 


Parameter 


Mirt. 


2141-2/-3 
Typ.Pl Max. 


Min. 


2141-4/-5 
Typ.ni Max. 


2141L-3/L-4/L-5 
Min. Typ.i 1 ) Max. 


Unit 


Conditions 


MliI 


Input Load Current 
(All Input Pins) 




0.01 


10 


0.01 10 


0.01 10 


MA 


Vcc=Max., Vin= 
GND to Vcc 


hloi 


Output Leakage 
Current 




0.1 


10 


0.1 10 


o:r io 


mA 


CS=Vih, Vcc=Max., 
Vout=GND to 4.5V 


Ice 


Operating Current 




45 


70 


40 55 


30 40 


mA 


Vcc=Max., CS=Vil, 
Outputs Open 


(SB 


Standby Current 


20 


12 


5 


mA 


Vcc=Min, to Max., 
CS-Vih 


IPO! 2 ) 


Peak Power-On 
Current 


40 


30 


18 


mA 


Vcc=GND to Vcc Min. 
CS=Lower of Vcc or 
Vih Min. 


VlL 


Input Low Voltage 


-1.0 




0.8 


-1.0 


0.8 


-1.0 


0.8 


V 




VlH 


Input High Voltage 


2.0 




6.0 


2.0' 


.6.0 


2.0 


6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.4 


V 


Iol = 8.0mA 


Voh 


Output High Voltage 


2.4 


2.4 


2.4 


V 


lOH = -4.0mA 


los 131 


Output Short Circuit 
Current 


-120 




120 


-120 


120 


-120 


120 


mA 


Vout=GND to Vcc 



Notes: 1. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. 

2. Ice exceeds Isb maximum during power-on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to 
keep the device deselected; otherwise, power-on current approaches Ice active. 

3. Duration not to exceed one minute. 



A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference 

Levels 
Output Load 



GND to 3.5 Volts 
10 nsec 

1.5 Volts 
1 TTL Load plus lOOpF 



CAPACITANCE [4] 

Ta = 25°C, f = 1.0MHz 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


pF 


V IN =0V 


Cqut 


Output Capacitance 


6 


pF 


VoUT = ov 



Note 4. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V±10%, unless otherwise noted. 
READ CYCLE 



Symbol 


Parameter 


2141-2 
Min. Max. 


2141-3/L-3 
Min. Max. 


2141-4/L-4 
Min. Max. 


2141-5/L-5 
Min. Max. 


Unit 


tRC 


Read Cycle Time 


120 


150 


200 


250 


ns 


tAA 


Address Access Time 


120 


150 


200 


250 


ns 


tACSltH 


Chip Select Access Time 


120 


150 


200 


250 


ns 


tACS2(21 


Chip Select Access Time 


130 


160 


200 


250 


ns 


tOH 


Output Hold from Address Change 


10 


10 


10 


10 


ns 


tLZ (31 


Chip Selection to Output in Low Z 


30 


30 


30 


30 


ns 


tHz' 31 


Chip Deselection to Output in High Z 





60 





60 





60 





60 


ns 


tpu 


Chip Selection to Power Up Time 














ns 


tPD 


Chip Deselection to Power Down Time 


60 


60 


60 


60 


ns 



WAVEFORMS 



READ CYCLE NO. 1 



[4,5] 



•zx 



DATA OUT PREVIOUS DATA VALID 



zxm 



DATA VALID 



READ CYCLE NO. 2 



[4,6] 



■~\ 



/ 



HIGH IMPEDANCE 



era 



DATA VALID 



Vcc ' CC " 

SUPPLY 
CURRENT l SB - 



y. 



\ 



Notes: 

1. Chip deselected for greater than 55ns prior to selection. 

2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is 0ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 

3. At any given temperature and voltage condition, tHZ max is less than tLZ min both for a given device and from device to device. 

4. WE is high for Read Cycles. f 

5. Device is continuously selected, CS = Vil. 

6. Addresses valid prior to or coincident with CS transition low. 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = +5V±10%, unless otherwise noted. 
WRITE CYCLE 



Symbol 


Parameter 


2141-2 
Min. Max. 


2141-3/L-3 
Min. Max. 


2141-4/L-4 
Min. Max. 


2141-5/L-5 
Min. Max. 


Unit 


twc 


Write Cycle Time 


120 


150 


200 


250 


ns 


tew 


Chip Selection to End of Write 


110 


135 


180 


230 


ns 


tAW 


Address Valid to End of Write 


110 


135 


180 


230 


ns 


tAS 


Address Setup Time 














ns 


tWP 


Write Pulse Width 


60 


60 


60 


75 


ns 


tWR 


Write Recovery Time 


10 


15 


20 


20 


ns 


tDW 


Data Valid to End of Write 


50 


60 


60 


75 


ns 


tDH 


Data Hold Time 


5 


5 


5 


5 


ns 


twz 


Write Enabled to Output in High Z 


10 70 


10 80 


10 80 


10 80 


ns 


tow 


Output Active from End of Write 


5 


5 


5 


5 


ns 



WAVEFORMS _ 

WRITE CYCLE #1 (WE CONTROLLED) 



ex 



"■'XEl 



ti nt / / / 



XHi 



DATA IN VALID 



DATA UNDEFINED 



J C 



HIGH IMPEDANCE 



WRITE CYCLE #2 (CS CONTROLLED) 



»3< 



V 



J 



\\\\\\\\\-^ < 



2 1 / /////// 



DATA IN VALID 



3C 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 
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GRAPH 1 
SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 
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GRAPH 2 
SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 













^ 'cc 












*5.0V 












ISB 













20 40 

t a ro 



60 80 



GRAPH 3 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 



V C C = 


5.0V 
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GRAPH 4 

NORMALIZED ACCESS TIME 

VS. SUPPLY VOLTAGE 
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GRAPH 5 

NORMALIZED ACCESS TIME VS. 

AMBIENT TEMPERATURE 
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GRAPH 6 

OUTPUT SINK CURRENT VS. 

OUTPUT VOLTAGE 
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GRAPH 7 
TYPICAL POWER-ON CURRENT 
VS. POWER SUPPLY VOLTAGE 
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GRAPH 8 

ACCESS TIME CHANGE VS. 

INPUT VOLTAGE 
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GRAPH 9 

ACCESS TIME CHANGE VS. 

OUTPUT LOADING 
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DEVICE DESCRIPTION 

The 2141 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation to achieve high- per- 
formance. This process, combined with new design ideas, 
gives the 2141 its unique features. Both low power and 
ease-of-use have been obtained in a single part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in data rates up to 8.3 MHz f%the 2141-2. This is 
considerably higher performance than for clocked static 
designs. 

Whenever the 2141 is deselected, it automatically reduces 
its "power requirements to i fraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 



There is no functional constraint on the amount of time the 
2141 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the 2141 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 60ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACSi and tACS2- 



T +8ns 


-L -1<w 



l ACS2 
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FIGURE 1. i cc WAVEFORM. 




DESELECT TIME (ns) 

FIGURE 3. t ACS VS. DESELECT TIME. 

The power switching characteristic of the 2141 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1 juF 
ceramic capacitor be used on every other device, with a 
22juF to 47/uF bulk electrolytic decoupler every 32 devices. 
The actual values to be used will depend on board layout, 
trace widths and duty cycle. Power supply gridding is 
recommended for PC board layout. A very satisfactory 
grid can be developed on a two-layer board with vertical 
traces on one side and horizontal traces on the other, as 
shown in Figure 4. 



Vcc 




4K8K 16K 32K 64K 

MEMORY SIZE IN WORDS 



FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 



FIGURE 4. PC LAYOUT. 
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2142 
1024 X 4 BIT STATIC RAM 





2142-2 


2142-3 


2142 


2142L3 


2142L 


Max. Access Time (ns) 


200 


300 


450 


300 


450 


Max. Power Dissipation (mw) 


525 


525 


525 


370 


370 



■ High Density 20 Pin Package 

■ Access Time Selections From 200-450ns 

■ Identical Cycle and Access Times 

■ Low Operating Power Dissipation 
.1mW/Bit Typical 

■ Single +5V Supply 



No Clock or Timing Strobe Required 

Completely Static Memory 

Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 



The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing 
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 

The 2142 is placed in a 20-pin package. Two Chip Selects (CSi and CS2) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 

The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection 
against contamination permitting the use of low cost plastic packaging. 



PIN CONFIGURATION LOGIC SYMBOL 



A6 I [ 1 

A4[ 
A3[Z 



esr[ 

GND [ 



IZJvcc 

ZIA7 

ZJA8 

Z1A9 

I OD 

ZJI/01 

4 HJl/0 2 

3 ^l/0 3 

2 ^ I/O4 

1 I WE 



A0 




A1 


i/ch 


A 2 




A3 


I/02 


A4 




A5 




A6 


I/Q3 


A7 




A8 


I/04 


A9 
WE CS1 


CS2 0D 



TTTT 



PIN NAMES 



A0-A9 


ADDRESS INPUTS 


OD 


OUTPUT DISABLE 


wT 


WRITE ENABLE 


vcc 


POWER (+5V) 


C5i.cS2 


CHIP SELECT 


GND 


GROUND 


1/O1-1/O4 


DATA INPUT/OUTPUT 





BLOCK DIAGRAM 




MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



Ao A1 A2 A9 



O * P'N NUMBERS 



2 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto 80°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .0W 

D.C. Output Current 10mA 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of the specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T A = 0°C to 70° C, V C c = 5V ± 5%, unless otherwise noted. 



SYMBOL 


PARAMETER 


2142-2,2142-3,2142 
Min. Typ.CJ Max. 


2142L3, 2142L 
Min. Typ.ni 


Max. 


UNIT 


CONDITIONS 


Mul 


Input Load Current 
(All Input Pins) 


10 


10 


IJiA 


V, N = to 5.25V 


HloI 


I/O Leakage Current 


10 


10 


ma 


CS=2.4V, 

V|/ = 0.4V to V C c 


•cci 


Power Supply Current 


80 95 


65 


mA 


V| N = 5.25V, I i/o = mA, 
7 & = 25°C 


'CC2 


Power Supply Current 


100 


70 


mA 


V, N = 5.25V, l,/ O = 0mA, 

t a = o°c 


V, L 


Input Low Voltage 


-0.5 0.8 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 6.0 


2.0 


6.0 


V 




"OL 


Output Low Current 


2.1 6.0 


2.1 6.0 


mA 


Vol = 0.4 V 


lOH 


Output High Current 


-1.0 -1.4 


-1.0 -1.4 


mA 


Vqh = 2.4V 


los^l 


Output Short Circuit 
Current 


60 


60 


mA 


Vqut = V cc to GND 



NOTE: 1 . Typical values are for T^ = 25° C and Vqc = 5.0V. 
2. Duration not to exceed 30 seconds. 



CAPACITANCE 

T A = 25°C,f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


c l/0 


Input/Output Capacitance 


5 


pF 


v, /0 = ov 


C|N 


Input Capacitance 


5 


pF 


V, N =OV 



NOTE: This parameter is periodically sampled and not 100% tested. 



A.C. CONDITIONS OF TEST 

Input Pulse Levels 0.8 Volt to 2.4 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Load 1 TTL Gate and C L « 100 pF 



1-34 



2142 FAMILY 



A.C. CHARACTERISTICS T A = 0°C to 70° C, V cc = 5V ± 5%, unless otherwise noted. 



READ CYCLE 



[11 



SYMBOL 


PARAMETER 


2142-2 
Min. 


Max. 


2142-3, 21 42L3 
Min. Max. 


2142, 
Min. 


2142L 
Max. 


UNIT 


*RC 


Read Cycle Time 


200 


300 


450 


ns 


t A 


Access Time 


200 


300 


450 


ns 


tOD 


Output Enable to Output Valid 


70 


100 


120 


ns 


tODX 


Output Enable to Output Active 


20 


20 


20 


ns 


tco 


Chip Selection to Output Valid 


70 


100 


120 


ns 


*CX 


Chip Selection to Output Active 


20 


20 


20 


ns 


tOTD 


Output 3-state from Disable 


60 


80 


100 


ns 


l O HA 


Output Hold from Address Change 


50 


50 


50 


ns 



WRITE CYCLE 



[2] 



SYMBOL 


PARAMETER 


2142-2 

Min. 


Max. 


2142-3, 21 42L3 
Min. Max. 


2142,2142L 
Min. Max. 


UNIT 


twc 


Write Cycle Time 


200 


300 


450 


ns 


tw 


Write Time 


120 


150 


200 


ns 


tWR 


Write Release Time 











ns 


tOTD 


Output 3-state from Disable 


60 


80 


100 


ns 


tDW 


Data to Write Time Overlap 


120 


150 


200 


ns 


tDH 


Data Hold From Write Time 











ns 



NOTES: 

1. A Read occurs during the overlap of a low CS and a high WE . 

2. A Write occurs during the overlap of a low CS and a low WE. 

WAVEFORMS 

READ CYCLE® 



WRITE CYCLE 



'IDC 



' AWWWWWW^ 



.£2 777777 



\\\\\\\\\\\\\% 



■ V///////////77 



— tco- 
-tcx — 



K 



.7/ 777777 



' 5 SSSS3 



tOTD* 
tOHA 




NOTES: 

3. WE is high for a Read Cycle. 

4. WE must be high during all address transitions. 



>Z77 



«SS3E 



wl© 



zzz 



^xs 



^ msm 



Si 



w 



sa 



iZZZZZZZZ 



^sss 



\ \\\\\\\\ 
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TYPICAL O.C. AND A.C. CHARACTERISTICS 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 



1.1 

1.0 
0.9 
0.8 
0.7 
0.6 



























































5.00 

v cc (V) 





1.0 


< 








o 




N 


0.9 










< 




s 

K 


0.8 


S 






0.7 




0.6 




0.5 



NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 



NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 



g 0.9 

N 

| 0.8 

<r 



100 200 300 400 500 

C L (pF) 



1.2 
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g 0.9 

N 

| 0.8 
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T A 


°C) 







OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



30 

I- 

10 
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VOH (V) 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



4U 

30 
20 
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2147H 
HIGH SPEED 4096 x 1 BIT STATIC RAM 





2147H-1 


2147H-2 


2147H-3 


2147HL-3 


2147H 


2147HL 


Max. Access Time (ns) 


35 


45 


55 


55 


70 


70 


Max. Active Current (mA) 


180 


180 


180 


125 


160 


140 


Max. Standby Current (mA) 


30 


30 


30 


15 


20 


10 



Pinout, Function, and Power Com- 
patible to Industry Standard 2147 

HMOS II Technology 

Completely Static Memory— No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single + 5V Supply 

0.8-2.0V Output Timing Reference 
Levels 



■ Direct Performance Upgrade for 2147 

■ Automatic Power-Down 

■ High Density 18-Pin Package 

■ Directly TTL Compatible— All Inputs 
and Output 

■ Separate Data Input and Output 

■ Three-State Output 

The Intel® 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using 
HMOS-II, Intel's next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high— deselecting the 2147H 
—the part automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This.device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are deselected. 

The 2147H is placed in an 18-pin package configured with the industry standard 2147 pinout. It is directly 
TTL compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestruc- 
tive^ and has the same polarity as the input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



AoC 
AlC 
A 2 C 
A3C 
A4t 
A 5 C 

DoutC 

wiC 

gndC 



H v C c 

DA6 
HA 7 
HA 8 
DA 9 
HAio 
IJAil 
D°IN 

DEI 



Ao 

Ai 

A 2 

A 3 

A 4 

A 5 

A6 Dout 

A 7 

A 8 

A 9 

A10 

An 

D tN WE CS 



TT 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


V C c POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




Dqut 


DATA OUTPUT 









TRUTH TABLE 




es 


we 


MODE 


OUTPUT 


POWER 


H 
L 

L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
Dqut 


STANDBY 
ACTIVE 
ACTIVE 



BLOCK DIAGRAM 




MEMORY ARRAY 

64 ROWS 

64 COLUMNS 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



WW 

A6 A7 A« A9 A 10 An 



@ 
® 



jv.® 



l^O 
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intQl 2147H 

ABSOLUTE MAXIMUM RATINGS* 'COMMENT; Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 

Temperature Under Bias - 10°C to 85 °C to the device. This is a stress rating only and functional 

Storage Temperature -65°Cto +150°C operation of the device at these or any other conditions 

Voltage on Any Pin above those indicated in the operational sections of this 

With Respect to Ground - 3.5V to + 7V specification is not implied. Exposure to absolute maxi- 

Power Dissipation 1 .2W mum rating conditions for extended periods may affect 

D.C. Output Current 20 mA device reliability. 



D.C. AND OPERATING CHARACTERISTICS™ 

(T A = 0°C to 70°C, V cc = +5V ± 10%, unless otherwise noted.) 



Symbol 


Parameter 


2147H-1, 
MIn. Typ. 


2,3 
Max. 


2147HL-3 
Min. Typ. Max. 


MIn. 


2147H 

Typ.' 21 


Max. 


2147HL 
MIn. Typ. l2J 


Max. 


Unit 


Test Conditions 


■li 


Input Load Current 
(All Input Pins) 




0.01 


10 




0.01 


10 




0.01 


10 


0.01 


10 


*A 


V cc =Max., 
V, N =:GNDtoVcc 


MloI 


Output Leakage 
Current 




0.1 


50 




0.1 


50 




0.1 


50 


0.1 


50 


jiA 


CS* = V| H ,V cc =Max., 
V UT=GNDto4.5V 


'cc 


Operating Current 




120 


170 


115 




100 


150 


100 


135 


mA 


T A = 25'C 


Vcc = Max., 
Cs=v IL , 
Outputs Open 


180 


125 


160 


140 


mA 


T A =o-c 


'SB 


Standby Current 




18 


30 




6 


15 




12 


20 


7 


10 


mA 


Vcc=Mln. to Max., 


W 31 


Peak Power-On 
Current 




35 


70 




25 


50 




25 


50 


15 


30 


mA 


Vcc^GNDtoVccMin., 
SS = Lower of V cc or V (H M in. 


V|L 


Input Low Voltage 


-3.0 




0.8 


-3.0 




0.8 


-3.0 




0.8 


-3.0 


0.8 


V 




V|H 


Input High Voltage 


2.0 




6.0 


2.0 




6.0 


2.0 




6.0 


2.0 


6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


0.4 


0.4 


V 


loL = 8rnA 


Voh 


Output High Voltage 


2.4 


2.4 


2.4 


2.4 


V 


l 0H = -4.0 mA 



NOTES: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at V C c = 5V, T A = + 25°C, and specified loading. 

3. A pull-up resistor to V C c on the CS input is required to keep the device deselected; otherwise, power-on current approaches l C c active. 



A.C. TEST CONDITIONS 



Input Pulse Levels GNDto3.0V 

Input Rise and Fall Times 5 ns 

Input Timing Reference Levels 1.5V 

Output Timing Reference Level (2147H-1) 1.5V 
Output Timing Reference Levels 

(2147H, H-2, H-3, HL, HL-3) 0.8-2.0V 

Output Load See Figure 1 



30 pF 
_J_ (INCLUDING 
" SCOPE AND 
JIG) 



Figure 1. Output Load 

Vcc 



CAPACITANCE^ <T A = 25°C, f = 1.0 MHz) 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C IN 


input Capacitance 


5 


PF 


V, N = 0V 


C OUT 


Output Capacitance 


6 


PF 


V OU T = 0V 



NOTE: 

4. This parameter is sampled and not 100% tested. 



300S2 > Zp 5 pF 



Figure 2. Output Load for tHz» 1lz» *wz» tow 
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2147H 



A.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = + 5V ± 10%, unless otherwise noted.) 

Read Cycle 


Symbol 


Parameter 


2147H-1 
Min. Max. 


2147H-2 
Min. Max. 


2147H-3, 

HL-3 
Min. Max. 


2147H, 

2147HL 

Min. Max. 


Unit 


tRC< 11 


Read Cycle Time 


35 


45 


55 


70 


ns 


*AA 


Address Access Time 


35 


45 


55 


70 


ns 


tACS1 [81 


Chip Select Access Time 


35 


45 


55 


70 


ns 


tACS2' 9 l 


Chip Select Access Time 


35 


45 


65 


80 


ns 


t<DH 


Output Hold from Address Change 


5 


5 


5 


5 


ns 


tLZ [2.3,7] 


Chip Selection to Output in Low Z 


5 


5 


10 


10 


ns 


» HZ [2,3,71 


Chip Deselection to Output in High Z 


30 


30 


30 


40 


ns 


tpu 


Chip Selection to Power Up Time 














ns 


tpo 


Chip Deselection to Power Down Time 


20 


20 


20 


30 


ns 



WAVEFORMS 
Read Cycle No. 1' 4 - 5 > 



•ZX 



DATA OUT PREVIOUS DATA VALID 



xxxx 



x 



DATA VALID 



Read Cycle No. 2> 4 > 6 i 



■~\ 



HIGH IMPEDANCE 



(XXX 



.c 



DATA VALID 



3 



IMPEDANCE 



Vcc 

SUPPLY 

CURRENT 



7- 




NOTES: 

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t H2 max. is less than t^ min. both for a given device and from device to device. 

3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 2. 

4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = V, L . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 

8. Chip deselected for greater than 55 ns prior to selection. 

9. Chip deselected for a finite time that is less than 55 ns prior to selection. If the deselect time is ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1. Applies to 2147H, 2147HL, 2147H-3, and 2147HL-3. 
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2147H 



A.C. CHARACTERISTICS (Continued) 
Write Cycle 


Symbol 


Parameter 


2147H-1 
Min. Max. 


2147H-2 
Min. Max. 


2147H-3, 

HL-3 
Min. Max. 


2147H, 

2147HL 

Min. Max. 


Unit 


twcPl 


Write Cycle Time 


35 


45 


55 


70 


ns 


tew 


Chip Selection to End of Write 


35 


45 


45 


55 


ns 


Uw 


Address Valid to End of Write 


35 


45 


45 


55 


ns 


tAS 


Address Setup Time 














ns 


t WP 


Write Pulse Width 


20 


25 


25 


40 


ns 


*WR 


Write Recovery Time 








10 


15 


ns 


tow 


Data Valid to End of Write 


20 


25 


25 


30 


ns 


*dh 


Data Hold Time 


10 


10 


10 


10 


ns 


twz^ 


Write Enabled to Output in High Z 





20 





25 


25 


35 


ns 


t ow [3] 


Output Active from End of Write 














ns 



WAVEFORMS 
Write Cycle No. 1 

(WE CONTROLLED^! 



*3 

-5 



Z3l 



i l JJ JU // 



XXI, 



x 



DATA IN VALID 



DATA UNDEFINED 



J C 



i 



HIGH IMPEDANCE 



Write Cycle No. 2 

(CS CONTROLLED)^] 



0( 



V 



y 



■ \\\\\\\ £ 5X2i 



///////// 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



NOTES: ,___jr-^: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 2. 

4. CS or WE must be high during address transitions. 
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2148H 
1024 x 4 BIT STATIC RAM 





2148H-2 


2148H-3 


2148H 


2148HL-3 


2148HL 


Max. Access Time (ns) 


45 


55 


70 


55 


70 


Max. Active Current (mA) 


180 


180 


180 


125 


125 


Max. Standby Current (mA) 


30 


30 


30 


20 


20 



■ Automatic Power-Down 

■ Industry Standard 2114A and 
2148 Pinout 

■ HMOS H Technology 

■ Functionally Compatible to the 2148 

■ Completely Static Memory — No Clock 
or Timing Strobe Required 



■ Equal Access and Cycle Times 

■ High Density 18-Pin Package 

■ Common Data Input and Output 

■ Three-State Output 

■ Single +5V Supply 

■ Fast Chip Select Access 2149H Available 

The Intel® 2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOS IT, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — disabling the 2148H ■— the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are 
disabled. A non-power-down companion, the 2149H, is available to provide a fast chip select access time for speed 
critical applications. 

The 2148H is assembled in an 18-pin package configured with the industry standard 1K x 4 pinout. It is directly TTL 
compatible in all respects: inputs, outputs, and a single + 5V supply. The data is read out nondestructively and has the 
same polarity as the input data. 



PIN CONFIGURATION LOGIC SYMBOL 



BLOCK DIAGRAM 






PIN NAMES 


A0-A9 


ADDRESS INPUTS 


wT 


WRITE ENABLE 


CS 


CHIP SELECT 


IKVUO4 


DATA INPUT/OUTPUT 


v C c 


POWER ( +5 V) 


QND 


GROUND 



TRUTH TABLE 



CS 


WE 


MODE 


I/O 


POWER 


H 
L 
L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIOHZ 
D|N 
DOUT 


STANDBY 
ACTIVE 
ACTIVE 




Figure 1. Pin Configuration, Logic Symbol, Pin Names 
and Truth Table 



Figure 2. 2148H Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* "COMMENT: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 

Temperature Under Bias - 10°C to + 85°C damage to the device. This is a stress rating only and 

Storage Temperature - 65 °C to + 150°C functional operation of the device at these or any other 

Voltage on Any Pin with conditions above those indicated in the operational sec- 
Respect to Ground - 3.5V to + 7V tions of this specification is not implied. Exposure to 

D.C. Continuous Output Current 20 mA absolute maximum rating conditions for extended 

Power Dissipation 1.2W periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS' 1 ' 

T A = 0°Cto +70°C, V cc = +5V±10% unless otherwise noted. 



Symbol 


Parameter 


2148H-2/H-3/HL-3 

(2) 

Min. Typ Max. 


2148HL/HL-3 
Min. Typ <2) Max. 


Unit 


Test Conditions 


Ml. I 


Input Load Current (All Input Pins) 


0.01 10 


0.01 10 


//A 


Vcc = max, Vin = GND to Vcc 


IM 


Output Leakage Current 


0.1 50 


0.1 50 


M 


CS = Vih, Vcc = max, 
Vout = GND to 4.5V 


Ice 


Operating Current 


120 180 


90 125 


mA 


Vcc = max, CS = Vil, 
Outputs Open 


ISB 


Standby Current 


15 30 


10 20 


mA 


Vcc = min to max, CS = Vih 


. (3) 

Ipo 


Peak Power-On Current 


25 50 


15 30 


mA 


Vcc = GND to Vcc min, 

CS = Lower of Vcc or Vih min 


VlL 


Input Low Voltage 


-3.0 0.8 


-3.0 


0.8 


V 




V| H 


Input High Voltage 


2.1 6.0 


2.1 


6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


V 


Iol = 8 mA 


Voh 


Output High Voltage 


2.4 


2.4 


V 


Ioh = -4.0 mA 


los 


Output Short Circuit Current 


±250 ±275 


± 250 ± 275 


mA 


Vout = GND to Vcc 



Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperatures are: 

0ja (@ 400 fpM air flow) = 40° C/W 
0j A (still air) = 70° C/W 
0j C = 25° C/W 

2. Typical limits are at Vcc = 5V, Ta = +25° C, and Load A. 

3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected during power-on. Otherwise, power-on current 
approaches Ice active. 



A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 



GND to 3.0 Volts 
5 nsec 

1.5 Volts 



Dqut ■ 



Output Load 


See Load A. 


CAPACITANCE w 

T A = 25°C,f = 1.0MHz 


Symbol 


Parameter 


Max. 


Unit 


Conditions 


ClN 

Cio 


Address/Control Capacitance 
Input/Output Capacitance 


5 
7 


PF 
pF 


Vin = 0V 
Vout = 0V 



2550 • 



30 pF 
-L (INCLUDING 
SCOPE AND 
JIG) 



L»OUT" 



:5pF 



Load B. 



Note 4. This parameter is sampled and not 100% tested. 
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2148H FAMILY 



A.C. CHARACTERISTICS 

T A =0'C to +70°C, Vcc= +5V ± 10%, unless otherwise noted. 

READ CYCLE 



Symbol 


Parameter 


2148H2 
Min. Max. 


2148H-3/HL3 
Min. Max. 


2148H/HL 
Min. Max. 


Unit 


Test 
Conditions 


*RC 


Read Cycle Time 


45 


55 


70 


ns 




Ua 


Address Access Time 


45 


55 


70 


ns 




*acsi 


Chip Select Access Time 


45 


55 


70 


ns 


Note 1 


*ACS2 


Chip Select Access Time 


55 


65 


80 


ns 


Note 2 


*0H 


Output Hold from Address Change 


5 


5 


5 


ns 




tl2 


Chip Selection Output in Low Z 


20 


20 


20 


ns 


Note 6 


tHZ 


Chip Deselection to Output in High Z 


20 


20 


20 


ns 


Note 6 


tpu 


Chip Selection to Power Up Time 











ns 




tpo 


Chip Deselection to Power Down Time 


30 


30 


30 


ns 





WAVEFORMS 

READ CYCLE NO. 1 134 > 



•ZX 



DATA OUT PREVIOUS DATA VALID 



3EXXX 



)C 



READ CYCLE NO. 2"" 



Icc- 

"SB- 



f 



HIGH IMPEDANCE 



T 



■CXX3( 



Notes: 

1. Chip deselected for greater than 55 ns prior to £5 transition low. 

2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is ns, the chip is 
by definition selected and access occurs according to Read Cycle No. 1.) 

3. WE is high for Read Cycles. 

4. Device is continuously selected, CS = Vi L . 

5. Addresses valid prior to or coincident with CS transition low. 

*. Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% 
tested. 
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2148H FAMILY 








A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 


Symbol 


Parameter 


2148H-2 
Min. Max. 


2148H-3/HL-3 
Min. Max. 


2148H/HL 
Min. Max. 


Unit 


Test 
Conditions 


twc 


Write Cycle Time 


45 


55 


70 


ns 




tew 


Chip Selection to End of Write 


40 


50 


65 


ns 




tAW 


Address Valid to End of Write 


40 


50 


65 


ns 




tAS 


Address Setup Time 











ns 




t WP 


Write Pulse Width 


35 


40 


50 


ns 




*WR 


Write Recovery Time 


5 


5 


5 


ns 




tow 


Data Valid to End of Write 


20 


20 


25 


ns 




tDH 


Data Hold Time 





o 





ns 




twz 


Write Enabled to Output in High Z 


15 


20 


25 


ns 


Note 2 


tow 


Output Active from End of Write 





o 





ns 


Note 2 



WAVEFORMS 

WRITE CYCLE No. 1 (WE CONTROLLED) 



Z>£ 



<*u- ^ 



t AS - 



^El 



-t WP - 



mnnzmnnnmiL 



-t DW - 



x 



DC 



*DH 



DATA IN VALID 



_t wz - 



DATA OUT 



DATA UNDEFINED 



HIGH IMPEDANCE 



X 



-♦tow-*- 



WRITE CYCLE No. 2 (CS CONTROLLED) 

■* ! 

ADDRESS )£ 



C3 



WE 



■ twe- 



*AS 



V 



J r 



\\\\\\\\\\\\\\\ 



-twp- 



-tow- 



-tWR- 



'////////////////// 



^( DATA IN VALID }( 



-t W z- 



DATA OUT 



DATA UNDEFINED 



HIGH IMPEDANCE 



Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 
100% tested. 

INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 
Printed in U.S.A./E-1 03/1 280/1 2.5K/BA-SWW 
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2149H 
1024 x 4-BIT STATIC RAM 





2149H-2 


2149H-3 


2149H 


2149HL-3 


2149HL 


Max. Address Access Time (ns) 


45 


55 


70 


55 


70 


Max. Chip Select Access Time (ns) 


20 


25 


30 


25 


30 


Max. Active Current (mA) 


180 


180 


180 


125 


125 



Fast Chip Select Access Time— 20ns 
Maximum 

HMOS II Technology 

Equal Access and Cycle Times 

Completely Static Memory— No Clock 
or Timing Strobe Required 



High Density 18-Pin Package 

Common Data Input and Output 

Three-State Output 

Single +5V Supply 

Automatic Power-Down 2148H 
Available 



The Intel® 2149H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOS II, a high performance MOS technology. It provides a maximum chip select access time as low as 20 
ns instead of an automatic power-down feature. This fast chip select access time feature increases system 
throughput. An automatic power-down companion, the 2148H, is available for power critical applications. 

The 2149H is assembled in an 18-pin package configured with the industry standard 1 Kx4 pinout. It is directly 
TTL compatible in all respects: inputs, outputs and a single +5V supply. The data is read out non- 
destructive^ and has the same polarity as the input data. 
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Figure 1. 2149H Block Diagram 
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PIN NAMES 



V*9 


ADORESS INPUTS 


WE 


WRITE ENABLE 


cs 


CHIP SELECT 


1/0,-1/0 


, DATA INPUT/OUTPUT 


Vcc 


POWER ( + 5V) 


GNO 


GROUND 


TRUTH TABLE 










cs 


WE 


MODE 


I/O 


H 


X 


NOT SELECTED 


HIGH-Z 


L 


L 


WRITE 


°IN 


L 


H 


READ 


D 0UT 



Figure 2. 21 49H Pin Diagram 
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ABSOLUTE MAXIMUM RATINGS* * COMMENT: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 

Temperature Under Bias - 10°C to + 85°C damage to the device. This is a stress rating only and 

Storage Temperature - 65 °C to + 150°C functional operation of the device at these or any other 

Voltage on Any Pin with conditions above those indicated in the operational sec- 
Respect to Ground - 3.5V to + 7V tions of tnis specification is not implied. Exposure to 

D.C. Continuous Output Current 20 mA absolute maximum rating conditions for extended 

Power Dissipation 1.2W periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS" 

T A = 0°Cto +70°C, V cc = +5V±1Q% unless otherwise noted. 



Symbol 


Parameter 


2149H/H-2/H-3 
Min. Typ (2) Max. 


2149HL/HL-3 

(2) 

Min. Typ Max. 


Unit 


Test Conditions 


Pui 


Input Load Current (All Input Pins) 




0.01 


10 




0.01 


10 


fjA 


Vcc = max, Vin = GND to Vcc 


|IL0| 


Output Leakage Current 




0.1 


50 




0.1 


50 


M 


CS = Vih, Vcc = max, 
Vout = GND to 4.5V 


Ice 


Operating Current 




120 


180 




90 


125 


mA 


Vcc = max, CS = Vil, 
Outputs Open 


V'.L 


Input Low Voltage 


—3.0 




0.8 


-3.0 




0.8 


V 




V| H 


Input High Voltage 


2.0 




6.0 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.4 


0:4 


V 


Iol = 8 mA 


Voh 


Output High Voltage 


2.4 


2.4 


V 


I oh = -4.0 mA 


los 


Output Short Circuit Current 




±150 


±200 




±150 


±200 


mA 


Vout = GND to Vcc 



Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperatures are: 

0ja (@ 400 fp M air flow) = 40° C/W 
0ja (still air) = 70° C/W 
0jc = 25° C/W 

2, Typical limits are at Vcc = 5V, Ta = +25° C, and Load A. 



A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 

Output Load 



GND to 3.0 Volts 
5 nsec 

1.5 Volts 
See Load A. 



Dout ■ 



480O 



30 pF 

(INCLUDING 
SCOPE AND 
JIG) 

Dqut- 



4800 



[3] 



CAPAplTANCE 

T A = 25°C, f = 1.0MHz 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


ClN 

Cio 


Address/Control Capacitance 
Input/Output Capacitance 


5 
7 


PF 
PF 


v, N = OV 
Vout = 0V 



2550 



Load A. 



:5pF 



Load B. 



Note 3. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 

T A = 0°Cto +70°C, V C c= +5V ±10% unless otherwise noted. 

READ CYCLE 



Symbol 


Parameter 


2149H-2 
Min. Max. 


2149H-3/HL-3 
Min. Max. 


2149H/HL 
Min. Max. 


Unit 


Test 
Conditions 


tRC 


Read Cycle Time 


45 


55 


70 


ns 




tAA 


Address Access Time 


45 


55 


70 


ns 




tACS 


Chip Select Access Time 


20 


25 


30 


ns 




tOH 


Output Hold from Address Change 


5 


5 


5 


ns 




tLZ 


Chip Selection Output in Low Z 


5 


5 


5 


ns 


Note 3, 4 


tHZ 


Chip Deselection to Output in High Z 


15 


15 


15 


ns 


Note 3, 4 



WAVEFORMS 

READ CYCLE No. 1"' * 



uc 



DATA OUT PREVIOUS DATA VALID 



mx 



DATA VALID 



READ CYCLE No. 2 (3 > 





r*$ 


t RC 


_ — ^ 














ADDRESS j 


I 


) 


( 






k 






-wwwwwwwww 


tut 


/////// 






t 






t 


"* 


* 






rr 


i 




„ 


/ V* 


— — 






Ki 


\ 





Notes: 

1. WE is high for Read Cycles. 

2. Device is continuously- selected, CS = Vil. 

3. At any given temperature and voltage condition, tHZ max. is less than tLZ min. both for a given device and from device to device. 

4. Transition is measured ±500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (continued) 

WRITE CYCLE 


Symbol 


Parameter 


2149H-2 
Min. Max. 


2149H-3/HL-3 
Min. Max. 


2149H/HL 
Min. Max. 


Unit 


Test 
Conditions 


twc 


Write Cycle Time 


45 


55 


70 


ns 




tew 


Chip Selection to End of Write 


40 


50 


65 


ns 




tAW 


Address Valid to End of Write 


40 


50 


65 


ns 




tAS 


Address Setup Time 











ns 




tWP 


Write Pulse Width 


35 


40 


50 


ns 




twR 


Write Recovery Time 


5 


5 


5 


ns 




tDW 


Data Valid to End of Write 


20 


20 


25 


ns 




tDH 


Data Hold Time 











ns 




twz 


Write Enabled to Output in High Z 


15 





20 





25 


ns 


Note 2 


tow 


Output Active from End of Write 











ns 


Note 2 



WAVEFORMS _ 

WRITE CYCLE No. 1 (WE CONTROLLED) 















wc 






















ADDRESS ^) 


( )( 






i - 








\ / 




«1] \\\\ 1 


& 


W///////////////////, 




•< — 

■< — 


t AS ► 


tAW 


: > 


< — t\VR — *" 




WE 


* 


N s 


^ j 


t 










t 


Jdh 








<■ »DW" *• 






DATA IN 


\ 


{ DATA IN VALID )( 






** — t wz - 




HIGH IMPEDANCE 


«*t ow -» 








) 


j 


















\ 





WRITE CYCLE No. 2 (CS CONTROLLED) 











-tw 




















ADDRESS ) 


': 5 


f 




tAS 


4 w 








^ 


7 




CS 


N 


•* *WR — »- 






^ 












t * 




^ wwwwwww 


v 


7 


W///////////////A 






■* *DW *" 


-*-*DH^ 




DATA IN 


) 


( DATA IN VALID ) 


( 












" 




DATA OUT DATA UNDEFINED 


i 




1-lllaH IMFfcl 


JANLt 







Notes: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. Transition is measured ±500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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65,536 x 1 BIT DYNAMIC RAM 





2164-15 


2164-20 


Maximum Access Time (ns) 


150 


200 


Read, Write Cycle (ns) 


300 


375 


Read-Modify-Write Cycle (ns) 


345 


435 



Industry Standard 16-pin DIP 

HMOS Technology 

Single +5V Supply, ±10% Tolerance 

All Inputs, Including Clocks, 
TTL Compatible 

Pin 1 is No Connect to Allow for 
Future System Upgrade 



128 Refresh Cycles/2 ms RAS-only 
Refresh 

Non-Latched Output is Three-State 
TTL Compatible 

Compatible with 2118 

Inputs Allow Negative Overshoot, 

V| L MIN = -2V 

Page Mode and Hidden Refresh 
Capability 



The Intel 2164 is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel's production proven HMOS 
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power 
supply, with ± 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to 
achieve high speed at low power dissipation. 

Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging de nsity . The 
two 8-bit TTL level addre ss se gments are latched into the 2164 by the t wo TT L cl ocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad- 
dress multiplexing technique while maintaining high performance. 

The non-latched, three state, TTL compatible data output is controlled b y CA S, independent of RAS. After a valid read or 
read-modify-write cycle, data i s held on the data output pin by holding CAS low. The data output is returned to a high 
impedance state, b y ret urning CA S to a high state. Hidde n ref resh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 

Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only 
cycles, hidden refresh cycles, or normal read or write cycles on the 1 28 address combinations of addresses A through A 6 , 
during a 2ms period. Address input A 7 is a don't care during these refresh cycles. A write cycle will refresh stored data on 
all bits of the selected row except the bit which is addressed. 



BLOCK DIAGRAM 



PIN 
CONFIGURATION 



LOGIC 
SYMBOL 






Ao 










— 


Aj 
A3 


Din 


— 


A* 






As 






Ae 


Dqut 




Ar 






RAS 






CAS 






WE 





8-BIT 
ADDRESS 
LATCH 



A0-A7 


ADDRESS INPUTS 


caS 


COLUMN ADDRESS STROBE 


Din 


DATA IN 


Dout 


DATA OUT 


WI 


WRITE ENABLE 


RAS 


ROW ADDRESS STROBE 


Vdd 


POWER ( + 5V) 


V SS GROUND 



128x128 CELL 
MEMORY ARRAY 


1 OF 128 
DECODERS 


128x128 CELL 
MEMORY ARRAY 


128 SENSE AMPLIFIERS 


tt 


128 SENSE AMPLIFIERS 


1/2 (1 OF 128 
COLUMN DECODERS) 


1/2 (1 OF 128 
COLUMN DECODERS) 


128 SENSE AMPLIFIERS 


128 SENSE AMPLIFIERS 


128x128 CELL 
MEMORY ARRAY 


1 OF 128 

ROW 

DECODERS 


128x128 CELL 
MEMORY ARRAY 







ROW 
CLOCK 
BUFFER 



COLUMN 
CLOCK 
BUFFER 



r 



WRITE 
ENABLE 

CLOCK 
BUFFER 



DATA 
INPUT 
BUFFER 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -10° C to +80° C 

Storage Temperature -65° C to +150°C 

Voltage on Any Pin Relative to Vss 7.5V 

Data Out Current 50mA 

Power Dissipation 1 .0W 



'COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 111 



Ta = 0°C to 70° C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 




Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Notes 


Min. 


Typ. ,2) 


Max. 


IlLlI 


Input Load Current (any input) 






10 


MA 


Vin=Vss to Vdd 




IlLOl 


Output Leakage Current for 
High Impedance State 






10 


MA 


Chip Deselected: CAS at Vih, 
Vout = to 5.5V 




Iddi 


Vdd Supply Current, Standby 




3 


5 


mA 


CAS and RAS at Vih 




IDD2 


Vdd Supply Current, Operating 






60 


mA 


2164-15, t RC = t R cMiN 


3 






55 


mA 


2164-20, t RC = t R cMiN 


3 


IDD3 


Vdd Supply Current, RAS-Only 
Cycle 






50 


mA 


2164-15, t RC = t RC MiN 








40 


mA 


2164-20, t RC = tRCMiN 




IDD5 


Vdd Supply Current, Standby, 
Output Enabled 






7 


mA 


CAS at Vil, RAS at Vih 


3 


VlL 


Input Low Voltage (all inputs) 


-2.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




7.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




Voh 


Output High Voltage 


2.4 






V 


Ioh = -5mA 





NOTES: 

1. All voltages referenced to Vss. 

2. Typical values are for T A = 25° C and nominal supply voltages. 

3. I DD is dependent on output loading when the device output is selected. Specified l DD MAX is measured with the output open. 



CAPACITANCE 11 

T A = 25°C, V D d=5V ± 10%, V S s = 0V, unless otherwise noted. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cn 


Address, Data In 


3 


6 


PF 


C-|2 


WE, Data Out 


4 


7 


PF 


Cl3 


RfiS,CA§ 


5 


8 


PF 



NOTES: 

I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
q = [At W jth aV equal to 3 volts and power supplies at nominal levels. 
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A.C. CHARACTERISTICS' 1 23] 

Ta = 0°C to 70° C, Vdd = 5V ±10%, Vss= OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 



NOTES: 

1. All voltages referenced to Vss 

2. Eight cycles are require d afte r power-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tr= 5ns. 

4. Assume that tRCD < tRco (max.). If tRCD is greater than tRCD 
(max.) then tRAC will increase by the amount that tRCD exceeds 
tRco (max.). 

5. Load = 2 TTL loads and 100pF. 

6. Assumes tRCD 2 tRco (max.). 



7. tRCD (max.) is specified as a reference point only; if tRCD is less 
than tRCD (max.) access time is tRAC. if tRCD is greater than tRCD 
(max.) access time is tRCD + tcAC. 

8. tT is measured between Vih (min.) and Vil (max.). 

9. twcs, tcwo and tRwD are specified as reference points only. If 
twcs 2 twcs (min.) the cycle is an early write cycieand the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwo 2 tcwD (min.) and tRwD > tRWD (min.), the cycle is 
a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 



Symbol 


Parameter 


216415 
Min. Max. 


216420 
Min. Max. 


Unit 


Notes 


tRAC 


Access Time From RAS 


150 


200 


ns 


4,5 


tcAC 


Access Time From CAS 


85 


110 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


2 


ms 




tRP 


RAS Precharge Time 


120 


135 


ns 




tcPN 


CAS Precharge Time (non-page cycles) 


25 


35 


ns 




tcRP 


CAS to RAS Precharge Time 


-20 


-20 


ns 




tRCD 


RAS to CAS Delay Time 


35 


65 


40 


90 


ns 


7 


tRSH 


RAS Hold Time 


85 


110 


ns 




tcSH 


CAS Hold Time 


150 


200 


ns 




tASR 


Row Address Set-Up Time 








ns 




tRAH 


Row Address Hold Time 


25 


30 


ns 




tASC 


Column Address Set-Up Time 








ns 




tcAH 


Column Address Hold Time 


35 


45 


ns 




t A R 


Column Address Hold Time, to RAS 


100 


135 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


toFF 


Output Buffer Turn Off Delay 





40 





50 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


300 


375 


ns 




tRAS 


RAS Pulse Width 


150 


10000 


200 


10000 


ns 




tcAS 


CAS Pulse Width 


85 


10000 


110 


10000 


ns 




tRCS 


Read Command Set-Up Time 








ns 




tRCH 


Read Command Hold Time 








ns 




WRITE CYCLE 


t RC 


Random Write Cycle Time 


300 


375 


ns 




tRAS 


RAS Pulse Width 


150 


10000 


200 


10000 


ns 




tcAS 


CAS Pulse Width 


85 


10000 


110 


10000 


ns 




twcs 


Write Command Set-Up Time 








ns 


9 


twCH 


Write Command Hold Time 


30 


40 


ns 




twCR 


Write Command Hold Time, to RAS 


95 


130 


ns 




twp 


Write Command Pulse Width 


30 


40 


ns 




tRWL 


Write Command to RAS Lead Time 


40 


50 


ns 




tcWL 


Write Command to CAS Lead Time 


40 


50 


ns 




tDS 


Data-in Set-Up Time 








ns 




tDH 


Data-in Hold Time 


35 


45 


ns 




tDHR 


Data-in Hold Time, to RAS 


100 


135 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Mod if y-Write Cycle Time 


305 


375 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


175 


10000 


230 


10000 


ns 




tcRW 


RMW Cycle CAS Pulse Width 


110 


10000 


140 


10000 


ns 




tRWD 


RAS to WE Delay 


130 


175 


ns 


9 


tcWD 


CAS to WE Delay 


65 


85 


ns 


9 
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WAVEFORMS 



READ CYCLE 



ADDRESSES 



^ 



® t C RP »> 



7 



ROW 
ADDRESS 



"fSS* 



XX 



■*AR- 

Usc 



COLUMN 
ADDRESS 



IMPEDANCE 



l RSH— ■ *" 
l CAS- 



T 



/ 



■/ 



® 






® 



\ 



tRCH® 



k: 



VALID 
DATA OUT 



WRITE CYCLE 



WE 




NOTES: 1,2. V IH MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. V 0H MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT *~ ; I'lo I- 

6. t DS AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t RCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR P REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAT HAS NOT BEEN DECODED WITH RA§). 
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WAVEFORMS 

READ-MODI FY-WRITE CYCLE 




RAS-ONLY REFRESH CYCLE 



®\.® 



Vih - !± < 

r 



-• t C Rp(£) 



' hr ADDRESS ., \ 



® 



/ 



V 



HIDDEN REFRESH CYCLE 

(For Hidden Refresh Operation order 2164-15 S6491, 2164-20 S6492) 




\—T~\ 



n W v row W y row y 

SS t\ /J ADDRESS A A ADDRESS L\ 



VALID DATA 



-(«- 



NOTES: 1,2. V, H M!N AND V IL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 - 4 - v OH MIN AND v OL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT < I'lo I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES FRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE' 78111 

Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2164-15 S6493, 2164-20 S6494) 



Symbol 


Parameter 


2164-15 
S6493 

Min. Max. 


2164-20 
S6494 

Min. Max. 


Unit 


Notes 


tpc 


Page Mode Read or Write Cycle 


TBD 


TBD 


ns 




tpCM 


Page Mode Read Modify Write 


TBD 


TBD 


ns 




tcp 


CAS Precharge Time, Page Cycle 


TBD 


TBD 


ns 




tp,PM 


RAS Pulse Width, Page Mode 


TBD 


TBD 


ns 




tcAS 


CAS Pulse Width 


TBD 


TBD 


ns 




IDD4 


Vdd Supply Current Page Mode, 
Minimum t PC , Minimum t C As 


TBD 


TBD 


mA 





WAVEFORMS 



PAGE MODE READ CYCLE 




1,2. V IH min AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. V 0H MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT< HloI- 

6. tpcH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO V SS . 

8. AC CHARACTERISTIC ASSUME t T = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-15 S6493 WILL OPERATE AS A 2164-15). 
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PAGE MODE 
WRITE CYCLE 




\ / 



Alf°fN 



^CAH 



\ 



Use- 



ZX 



A 



*• h — 1 ( 



X 






COL 
ADD 



\ J pi- I 



t CWL 



-t WP ~ 



,S-«^ \* t DH »- t DS -*» -* t DH »J t DS _-g^| \m t DH ». 

TJ L ® VALID J ^ \ L VALID H^ V 1 " VALID ^U" 

flf® DATA a 2k 4 2*™ fi f J^ DATA -fV 



PAGE MODE READ-MODI FY-WRITE CYCLE 



5 "n. 



© 



:7 



[ ASR -M (■ 



-*RCD- 



^ 



a-"«ASC 
it 



,<~^ 



3; 



i 



/-\ 



l RCS-*| ■*- 



ics-*) 



® t DS — 



\_J£ 



©\ DATA IN [7 

M VALIP A 



<© 



- tRCS 
tCWD 



£ 



Xl DATA IN l7" 



v_z 



\ DATA IN y 
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NOTES: 1,2. V, H M |N AND V IL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 - 4 - V h min AND V ° l max ARE REFERENCE LEVELS FOR MEASURING TIMING OF D OUT . 

5. t FF IS MEASURED TO Iout |*L0l- 

6! t DS AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tRCH "S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR P REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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DEVICE DESCRIPTION 

The Intel® 2164 Is produced with HMOS, a high perform- 
ance MOS technology which incorporates on-chip sub- 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single + 5V power supply, eliminating the + 12V 
and -5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 

The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only16~pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
t R As and tcAs respectively. These minimum pulse widths 
must be maintained for proper device operati on a nd data 
integ rity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum precharge time, tR P , has been 
met. 



READ CYCLE 

A Read cycle is p erformed b y maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 



REFRESH CYCLES 

There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination of the seven (7) low order Row Address- 
es, RAo through RAe, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Alth ough any 
cycle, Read, Write, Rea d-Mo dify-Write, or RAS-only, will 
refresh the memory, the RAS-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 



HIDDEN REFRESH 

An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidd en Refresh. Hidd en Re fresh 
is performed by holding CAS at V (L and taking RAS high 
a nd a fter a specified precharge perio d (t R p), executing a 
"RAS-Only" refresh cycle, but with CAS held low (see 
Figure below). 
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WRITE CYCLE 

A W r ite cy cle is performed by taking We low during a 
RAS/CAS operation. Data Input (Din) mu st be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 



DATA OUTPUT OPERATION 

The 2164 Data Output (P out), which has three-state 
capab ility, is controlled by CAS. During CAS high state 
(CAS at Vih) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 



Intel 2164 Data Output Operation 
for Various Types of Cycles 



Type of Cycle 


Dout State 


Read Cycle 


Data From Addressed 




Memory Cell 


Early Write Cycle 


Hl-Z 


RAS-Only Refresh Cycle 


Hl-Z 


CAS-Only Cycle 


Hl-Z 


Read/Modify /Write Cycle 


Data From Addressed 




Memory Cell 


Delayed Write Cycle 


Indeterminate 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 



POWER ON 

After the application of the Vdd supply, or after extended 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimum of eight (8) initialization 
cycles (a ny c ombination of cycles containing RAS clock 
such as RAS-only refresh) prior to normal operation. 

The V DD current (l DD ) requirement of the 216 4 du ring 
powe r on is dependent upon the input levels of RAS and 
CAS. If the input levels of these clocks are at V| H or V DD , 
whichever is lower, the l DD requirement per device is l DD1 
(l DD standby). If the input levels for these clocks are 
lower than V, H or V DD the l DD requirements will be greater 
than l DD1 . For large systems, this current requirement for 
l DD could be substantially more than that for which the 
system has been designed. A system which has been 
designed assuming the majority of devices to be oper- 
ating in the refresh/standby mode, may produce suffi- 
cient l DD loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pullup resistor for each clock 
input to V DD to maintain the non-selected current level 
Cddi) for the power supply is recommended. 
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2164-25 
65,536 x 1 BIT DYNAMIC RAM 





2164-25 


Maximum Access Time (ns) 


250 


Read, Write Cycle (ns) 


465 


Read-Modify- Write Cycle (ns) 


530 



128 Refresh Cycles/2 ms RAS-only 
Refresh 

Non-Latched Output is Three-State 
TTL Compatible 

Compatible with 2118 

Inputs Allow Negative Overshoot, 
V| L min = -2V 

Page Mode and Hidden Refresh 
Capability 



■ Industry Standard 16-pin DIP 

■ HMOS Technology 

■ Single +5V Supply, ±10% Tolerance 

■ All Inputs, Including Clocks, 
TTL Compatible 

■ Pin 1 is No Connect to Allow for 
Future System Upgrade 

The Intel 2164 Is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel's production proven HMOS 
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power 
supply, with ± 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to 
achieve rjigh speed at low power dissipation. 

Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging de nsity . The 
two 8-bit TTL level addre ss se gments are latched into the 2164 by the t wo TT L cl ocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad- 
dress multiplexing technique while maintaining high performance. 

The non-latched, three state, TTL compatible data output is controlled b y CA S, independent of RAS. After a valid read or 
read-modify-write cycle, data i s held on the data-output pin by holding CAS low. The data output is returned to a high 
impedance state, by ret urning CA S to a high state. Hidde n ref resh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 

Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only 
cycles, hidden refresh cycles, or normal read or write cycles on the 1 28 address combinations of addresses A through A 6 , 
during a 2ms period. Address input A 7 is a don't care during these refresh cycles. A write cycle will refresh stored data on 
all bits of the selected row except the bit which is addressed. 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias ■ . . . -10°C to +80° C 

Storage Temperature -65° C to +150°C 

Voltage on Any Pin Relative to Vss 7.5V 

Data Out Current 50mA 

Power Dissipation 1 .0W 



'COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 



[1] 



Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 




Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Notes 


Min. 


Typ.' 2 ' 


Max. 


IlLlI 


Input Load Current (any input) 






10 


MA 


Vin=Vss to Vdd 




MloI 


Output Leakage Current for 
High Impedance State 






10 


uA 


Chip Deselected: CAS at Vih, 
Vqijt = to 5.5V 




Iddi 


Vdd Supply Current, Standby 




3 


5 


mA 


CAS and RAS at Vih 




IDD2 


Vdd Supply Current, Operating 






50 


mA 


2164-25, tRc = t RC MiN 


3 


IDD3 


Vdd Supply Current, RAS-Only 
Cycle 






36 


mA 


2164-25, t R c = t R cMiN 




IDD5 


Vdd Supply Current, Standby, 
Output Enabled 






7 


mA 


CAS at Vil, RAS at Vih 


3 


VlL 


Input Low Voltage (all inputs) 


-2.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




70 


V 






Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




Voh 


Output High Voltage 


2.4 






V 


Ioh = -5mA 





NOTES: 

1. All voltages referenced to Vss. 

2. Typical values are for T A = 25°C and nominal supply voltages. 

3. I DD is dependent on output loading when the device output is selected. Specified I D d max is measured with the output open. 



CAPACITANCE 1 " 

T A = 25°C, V DD = 5V + 10%, V S s = 0V, unless otherwise noted. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cn 


Address, Data In 


3 


6 


. ..f F ' 


c 12 


WE, Data Out 


4 


7 


P p 


C-I3 


RAS, CAS 


5 


8 


Pf 



NOTES: 

I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = |At W ith av equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS' 1 23) 

Ta = 0°C to 70°C, Vdd = 5V ±10%, Vss= OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 



Symbol 


Parameter 


Min. 


2164-25 

Max. 


Unit 


Notes 


*RAC 


Access Time from HAS 


250 


ns 


4,5 


*CAC 


Access Time from CAS 


135 


ns 


4,5,6 


*REF 


Time Between Refresh 


2 


ms 




*RP 


RAS Precharge Time 


175 


ns 




*CPN 


CAS Precharge Time (Non-Page Cycles) 


45 


ns 




*CRP 


CAS to RAS Precharge Time 


-20 


ns 




*RCD 


RAS to CAS Delay Time 


55 


115 


ns 


7 


*RSH 


RAS Hold Time 


135 


ns 




*CSH 


CAS Hold Time 


250 


ns 




USR 


Row Address Set-Up Time 





ns 




l RAH 


Row Address Hold Time 


45 


ns 




Use 


Column Address Set-Up Time 





ns 




*CAH 


Column Address Hold Time 


55 


ns 




t A R 


Column Address Hold Time, to RAS 


170 


ns 




t T 


Transition Time (Rise and Fall) 


3 


50 


ns 


8 


t()FF 


Output Buffer Turn Off Delay 





60 


ns 




READ AND REFRESH CYCLES 


*RC 


Random Read Cycle Time 


465 


ns 




*RAS 


RAS Pulse Width 


250 


10,000 


ns 




*CAS 


CAS Pulse Width 


135 


10,000 


ns 




*RCS 


Read Command Set-Up Time 





ns 




IrCH 


Read Command Hold Time 





ns 




WRITE CYCLE 


*RC 


Random Write Cycle Time 


465 


ns 




*RAS 


RAS Pulse Width 


250 


10,000 


ns 




*CAS 


CAS Pulse Width 


135 


10,000 


ns 




twes 


Write Command Set-Up Time 





ns 


9 


*WCH 


Write Command Hold Time 


50 


ns 




*WCR 


Write Command Hold Time, to RAS 


165 


ns 




t W p 


Write Command Pulse Width 


50 


ns 




*RWL 


Write Command to RAS Lead Time 


60 


ns 




tcWL 


Write Command to CAS Lead Time 


60 


ns 




*DS 


Data-in Set-Up Time 





ns 




*DH 


Data-in Hold Time 


55 


ns 




*DHR 


Data-in Hold Time, to RAS 


170 


ns 




READ-MODIFY-WRITE CYCLE 


Irwc 


Read-Modify-Write Cycle Time 


470 


ns 




*RRW 


RMW Cycle RAS Pulse Width 


285 


ns 




*CRW 


RMW Cycles CAS Pulse Width 


170 


ns 




*RWD 


RAS to WE Delay 


220 


ns 


9 


tcWD 


CAS to WE Delay 


105 


ns 


9 



NOTES: 

1. All voltages are referenced to V55. 

2. Ei ght c ycles are required after power-up or prolonged periods (greater than 2 ms) 
of RAS inactivity before proper device operation is achieved. Any 8 cycles which 
perform refresh are adequate for this purpose. 

3. A.C. characteristics assume tj = 5 ns. 

4. Assume that tRCD s *RCD (max.). If tRCD is Q rea ter than tRCD (max-) then tR^c 
will increase by the amount that tRCD exceeds tRCD (max.). 

5. Load = 2 TTL loads and 100 pF. 

6. Assumes t RCD a tRCD (max.). 



7. tRCD (max.) is specified as a reference point only; if tRCD is less than tRCD 
(max.), access time is tR A c; if tRCD is greater than tRCD (max.), access time is 
tRCD + tCAC- 

8. t-r is measured between V|h (min.) and V||_ (max.). 

9. tyves- tcWD and tRWD are specified as reference points only; if twcs st wcs 
(min.), the cycle is an early write cycle and the data-out pin will remain high im- 
pedance throughout the entire cycle; if tcwD^tcwD (min.) and tRWD^tRWD 
(min.), the cycle is a read-modify-write cycle and the data out will contain the 
data read from the selected address. If neither of the above conditions is satis- 
fied, the condition of the data out is indeterminate. 
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WAVEFORMS 



READ CYCLE 



v IH 



Mm" 
ADDRESSES 



~®\ 



^&. 



® t C RP ^ 

—J 



ROW 
ADDRESS 



/' 



"FES* 



-*— *RAH — »• h-4 



t A R- 
t ASC 



:o 



COLUMN 
ADDRESS 



2 



IMPEDANCE 



/ 



_® 



2/ 

5\ 



® 



V 



„® 



k: 



VALID 
DATA OUT 



WRITE CYCLE 



WE 



® 



H 



0tCRP - 



7 



©_ 



■* — t RAH — *i l ASC- 



& 



R — *■ — ^] ■* — l RAH — ^ l ASC ■*-*• 

A ® ADDRESS^ ^ _ 



? ^£i 



© 



fe£ 



COLUMN 
ADDRESS 




© 



X 



_t CWL _ 



£ 



^ 



f 



\ 



H© ■ - 1 



NOTES: 1,2. V, H MIN AND V IL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.f v OH MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT «• |i|_o I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER\OCCURS LAST. 

7. t RCH IS REFERENCED TO THE TRAILING EDGE OF CAl OR RAS, WHICHEVER OCCURS FIRST. 

8. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAfHAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 

READ-MODI FY-WRITE CYCLE 




RAS-ONLY REFRESH CYCLE 



©\ 



i 



- tCRP (s) 



V,H \J L (T) ROW 7" 

v lL £r U A0DRESS A 



® 



HIDDEN REFRESH CYCLE 

(For Hidden Refresh Operation order 2164-25, S6496) 



:~^ 



?)tCBP— I 



m 



® 



-® 



v^/ — \ 



(!) 



■••"J-'ra 



CIA/I ROW iyf COLUMN 
\ ADDRESS A ADDRESS 



®j 



"u sj r ^ru " y»°»V 

A A ADDRESS A A ADDRESS A 



VALID DATA 



1.2 V )H MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. V 0H M)N AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT < Iko I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t RC H IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR p REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE' 78111 

Ta = 0°C to 70° C, Vdd = 5V ±10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2164-25, S6495) 



Symbol 


Parameter 


2164-25, S6495 
Min. Max. 


Unit 


Notes 


tpc 


Page Mode Read or Write Cycle 


TBD 


ns 




tpCM* 


Page Mode Read-Modify-Write 


TBD 


ns 




top 


CAS Precharge Time, Page Cycle 


TBD 


ns 




*RPM 


RAS Pulse Width, Page Mode 


TBD 


ns 




tcAS 


(DAS Pulse Width 


TBD 


ns 




•DD4 


V DD Supply Current Page Mode, Minimum tpc, Minimum tcAS 


TBD 


mA 





WAVEFORMS 



PAGE MODE READ CYCLE 






.© 



1CD *■ •*■ " l CAS »■ *■ *CP ■*" "• *CAS »■ ■* l CAS *1 *■ 

<RAH p-^-tCAH -• ^-tCAH "• •" - *CAH 




tRP— *■ 



NOTES: 1,2. V, H MIN AND V IL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. V 0H M | N AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D OUT . 

5. t FF IS MEASURED TO Iout Hi_o '- 

6. Irch IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO V S s- 

8. AC CHARACTERISTIC ASSUME t T = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. 

10. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-25, S6493 WILL OPERATE AS A 2164-25). 
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PAGE MODE 
WRITE CYCLE 



s V,HC © 



(D 



®t C RP-^ 



7TTS V 'HC 
CAS 

V, 



*ASR 



l\. 



©" 



*RAH 
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/~\ a ^^ 
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ADD ^ 
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/ 



^F 
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ROW 
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[*- *WCH -»■ 



<D 



_t CWL 



:&_^=k 



;3^ 



.© 



^ L CD VAL,D 3 / \ C VALID 3 t7' 

A® DATA a& £c 2^ta ^ 



-t w p 

— T DH 



tDS-U- 



T2l 



VALI 
DATA 



- t DHR~ 



PAGE MODE READ-MODIFY-WRITE CYCLE 




NOTES: 1,2. V, H MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS 
34. V 0H MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO I UT |l|_o I- 

6. t D s AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t RCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8 t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDEDBY A CAS- 

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 
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DEVICE DESCRIPTION 

The Intel* 2164 is produced with HMOS, a high perform- 
ance MOS technology which incorporates on-chip sub- 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single + 5V power supply, eliminating the + 12V 
and -5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 

The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only 16-pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAs and tcAs respectively. These minimum pulse widths 
must be maintained for proper device operat ion a nd data 
integ rity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum precharge time, Xrp, has been 
met. 



READ CYCLE 

A Read cycle is p erform ed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 



REFRESH CYCLES 

There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination of the seven (7) low order Row Address- 
es, RAo through RAe, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Although any 
cycle, Read, Write, Rea d-Mo dify-Write, or RAS-only, will 
refresh the memory, the RAS-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 



HIDDEN REFRESH 

An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidd en Refresh. Hidde n Re fresh 
is performed by holding CAS at V !L and taking RAS high 
a nd a fter a specified precharge perio d (t R P ), executing a 
"RAS-Only" refresh cycle, but with CAS held low (see 
Figure below). 
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WRITE CYCLE 

A W ri te cy cle is performed by taking WE low during a 
RAS/CAS operation. Data input (Din) mu st be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 



DATA OUTPUT OPERATION 

The 2164 Data Output (P out), which has three-state 
capab ility, is controlled by CAS. During CAS high state 
(CAS at Vih) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 



Intel 2164 Data Output Operation 
for Various Types of Cycles 



Type of Cycle 


Dqut State 


Read Cycle 


Data From Addressed 




Memory Cell 


Early Write Cycle 


Hl-Z 


RAS-Only Refresh Cycle 


Hl-Z 


CAS-Only Cycle 


H!-Z 


Read/Modify /Write Cycle 


Data From Addressed 




Memory Cell 


Delayed Write Cycle 


Indeterminate 



This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 



POWER ON 

After the application ofcthe VW supply, or after extended 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimum; of eight (8) initialization 
cycles (a ny c ombination. df cycles containing RAS clock 
such as RAS-only refresnyprior to normal operation. 

The V DD current (l DD ) requirement of the 216 4 du ring 
powe r on is dependent upon the input levels of RAS and 
CAS. If the input levels of these clocks are at V, H or V DD , 
whichever is lower, the l DD requirement per device is l DD1 
(l DD standby). If the input levels for these clocks are 
lower than V, H or V DD the l DD requirements will be greater 
than l DD1 . For large systems, this current requirement for 
l DD could be substantially more than that for which the 
system has been designed. A system which has been 
designed assuming the majority of devices to be oper- 
ating in the refresh/standby mode, may produce suffi- 
cient l DD loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pullup resistor for each clock 
input to V DD to maintain the non-selected current level 
Oddi) for the power supply is recommended. 
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HIGH SPEED 16,384 x 1 BIT STATIC RAM 





2167-55 


2167-70 


2167L-70 


2167-10 


Max. Access Time (ns) 


55 


70 


70 


100 


Max. Active Current (mA) 


125 


125 


90 


90 


Max. Standby Current (mA) 


40 


40 


30 


30 



2141/2147 Upgrade 

Double Poly HMOS II Technology 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 

Automatic Power Down 



■ 0.8-2.0V Output Timing Reference 
Levels 

■ High Density 20-Pin Package 

■ Directly TTL Compatible — All Inputs 
and Output 

■ Separate Data Input and Output 

■ Three-State Output 



The Intel® 2167 is a 16,384-bit static Random Access Memory organized as 16,384 words by 1 bit. This memory is fabri- 
cated using Intel's high-density, high-performance technology— Double Poly HMOS II. This state of the art technology 
brings high-density to high-performance static RAMs. The design of the 2167 offers a 4x density improvement over 
the industry standard 2141 and 2147 with compatible performance. The 2167 offers the automatic power-down feature 
pioneered by the Intel 2147. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2167), the part auto- 
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 70% in larger systems where the majority of devices 
are deselected. 

The 2167 is placed in a 20-pin package configured with the industry standard 16Kx 1 pinout, offering the industry's 
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output, and a single + 5V supply. 
The data is read out nondestructively and has the same polarity as the input data. A data input and a separate three- 
state output are used. 



LOGIC SYMBOL 



TT 



PIN CONFIGURATION 



Dvcc 

I)A13 
Z]A 12 
DA,1 
DA10 
I]A 9 
UA 8 
>7 
D°IN 

Hcs 



BLOCK DIAGRAM 



AflC 


7^ 


"^0 


AiC 


2 


19 


A2C 


3 


18 


A 3 C 


4 


17 


A«C 


5 


16 


AeC 


6 


15 


A 6 C 


7 


14 


DoC 


8 


13 


win 


9 


12 


gndC 


10 


11 





PIN NAMES 


A0-A13 


ADDRESS INPUTS 


V C c POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




Dqut 


DATA OUTPUT 





TRUTH TABLE 



c5 


WE 


MODE 


OUTPUT 


POWER 


H 
L 
L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGH Z 
HIGHZ 
Dqut 


STANDBY 
ACTIVE 
ACTIVE 



PIN 


ADDRESS 


FUNCTION 


17 


A11 


x 


18 


A 12 


*1 


19 


A i3 


x 2 


1 


Ao 


*3 


2 


Al 


x 4 


3 


A 2 


*5 


4 


A3 


x 6 


13 


A 7 


Y 


7 


A 6 


Yl 


15 


A 9 


Y 2 


6 


A 5 


Y 3 


16 


A 10 


Y4 


5 


A 4 


Y 5 


14 


A 8 


Y6 



© 



-® 




^o 



MEMORY ARRAY 

128 ROWS 

128 COLUMNS 



■^ COLUMN 



I/O CIRCUITS 



COLUMN SELECT 







-£> — Dqut 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias. -10°Cto +85°C 

Storage Temperature - 65 °C to + 150°C 

Voltage on Any Pin With 

Respect to Ground - 3.5V to + 7V 

Power Dissipation 1 .2W 

D.C. Output Current 20 mA 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability 



D.C. AND OPERATING CHARACTERISTICS' 1 ' 

T A = 0°C to 70°C, V cc = + 5V ± 10%, unless otherwise noted. 



Symbol 


Parameter 


2167-55, 2167-70 
Min. Typ.ra Max. 


2167L-70, 2167-10 
Min. TypJ 2 ! Max. 


Unit 


Test Conditions 


Ili 


Input Load Current 
(All Input Pins) 




0.01 


10 




0.01 


10 


nA 


V C c = Max., V| N = GND to V C c 


I'loI 


Output Leakage 
Current 




0.1 


50 




0.1 


50 


ma 


CS = V|H,V cc =Max., 
V uT=GNDto4.5V 


■cc 


Operating Current 




90 


120 




70 


85 


m A 


T A = 25°C 


V C c=Max.,CS = V| L , 
Outputs Open 


125 


90 


mA 


T A = 0°C 


■SB 


Pi Ik.. A. .— ^_A 

oicuiuuy ouiiem 




25 


40 




20 


30 


mA 


V'cc= Min. to Max., CS = V'ih 


W 3] 


Peak Power-On 
Current 




35 


70 




25 


50 


mA 


V cc = GNDto V cc Min., 
C§= Lower of V cc or V (H Min. 


V|L 


Input Low Voltage 


-3.0 




0.8 


-3.0 




0.8 


V 




V| H 


Input High Voltage 


2.0 




6.0 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.4 


0.4 


V 


I l = 8 mA 


Voh 


Output High Voltage 


2.4 


2.4 


V 


| 0H = - 4.0 mA 



Notes: 

1. The operating ambient temperature is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at V CC =5V, T^= +25°C, and specified loading. 

3. A pull-up resistor to V cc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Ice active. 



A.C. TEST CONDITIONS 



Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Reference Level 
Output Timing Reference Levels 
Output Load 



GND to 3.0V 

5 ns 

1.5V 

0.8-2.0V 

See Figure 1 



CAPACITANCE^ 

T A = 25°C,f=1.0MHz 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


7 


PF 


V, N = 0V 


CquT 


Output Capacitance 


6 


pF 


V OU T = 0V 



Note: 4. This parameter is sampled and not 100% tested. 
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D OUT" 



30 pF 
-It (INCLUDING 
SCOPE AND 
JIG) 



Figure 1. Output Load 



Dqut - 



±Z 5pF 



► Figure 2. Output Load for t H z» *lzi twz» tow 
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A.C. CHARACTERISTICS 

T A = 0°C to 70°C, V cc = + 5V ± 10%, unless otherwise noted. 
READ CYCLE 



Symbol 


Parameter 


216755 
Min. Max. 


2167-70, 2167L70 
Min. Max. 


2167-10 
Min. Max. 


Unit 


tRC 111 


Read Cycle Time 


55 


70 


100 


ns 


Ua 


Address Access Time 


55 


70 


100 


ns 


UCS 


Chip Select Access Time 


55 


70 


100 


ns 


tOH 


Output Hold from Access Change 


5 


5 


5 


ns 


tLzfMI 


Chip Selection to Output in Low Z 


10 


10 


10 


ns 


t HZ (2,3] 


Chip Deselection to Output in High Z 


30 


40 


40 


ns 


tpu 


Chip Selection to Power-Up Time 


40 


50 


55 


ns 


tpD 


Chip Deselection to Power-Down Time 


55 


70 


80 


ns 



WAVEFORMS 










READ CYC 


LE NO. 1 4 5 




ADDRESS H 










i X 














« 


DATA OUT PREVIOUS DATA VALID 


KXX> 


DATA VALID 









READ CYCl 


.E NO. 2 4 6 








a— ■* 


^ 




7 




L 










-* — t HZ — » 


HIGH 






nnT^ out HIGH ,MPEDANCE 


^XXX 


DATA VALID 1 




IMPEDANCE 


L t PU ». 






r*-^ 'PD — 




S 


Vcc ' cc 

SUPPLY ~, 


t 50% 




50% ^ 















Notes: 

1. .All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max is less than t LZ min both for a given device and from device to device. 

3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 

4. WE is high for Read Cycles. 

5. Device is continuously selected. CS = V| L . __ 

6. Addresses valid prior to or coincident with CS transition low. 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



Symbol 


Parameter 


2167-55 
Mln. Max. 


2167-70, 2167L-70 
Min. Max. 


2167-10 
Min. Max. 


Unit 


twc pl 


Write Cycle Time 


55 


70 


100 


ns 


tew 


Chip Selection to End of Write 


55 


70 


90 


ns 


tAW 


Address Valid to End of Write 


55 


70 


95 


ns 


tAS 


Address Setup Time 








5 


ns 


t W P 


Write Pulse Width 


35 


40 


45 


ns 


twR 


Write Recovery Time 








5 


ns 


tow 


Data Valid to End of Write 


25 


30 


35 


ns 


*DH 


Data Hold Time 











ns 


twz> 3 ' 


Write Enabled to Output in High Z 


25 


35 


35 


ns 


Tqw 


Output Active from End of Write 





o 





ns 



WAVEFORMS 
WRITE CYCLE #1 
(Wl CONTROLLED) 



55 % 

■•5 



-7K- 



Ei 



u na tt 



tEi 



DATA IN VALID 



J C 



DATA UNDEFINED 



HIGH IMPEDANCE 



WRITE CYCLE #2 address 

(CS CONTROLLED) 4 



Z)( 



■ \ \ \ \ \ A \ S 2l 



» ' ■//////// 



.data invalid 



DATA UNDEFINED 



HIGH IMPEDANCE 



Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% 
tested J 

4. C"S or WE must be high during address transitions. 
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2168 
4096 x 4-BIT STATIC RAM 





2168 


Maximum Access Time (ns) 


55-100 


Maximum Active Current (mA) 


150 


Maximum Standby Current (mA) 


40 



2114A/2148H Upgrade 

Automatic Power- Down 

Double Poly HMOS II Technology 

Completely Static Memory — No Clock 
or Timing Strobe Required 

0.8-2.0V Output Timing Reference 
Levels 



■ Equal Access and Cycle Times 

■ High Density 20-Pin Package 

■ Common Data Input and Output 

■ Three-State Output 

■ Single + 5V Supply 



The Intel® 2168 is a 16,384-bit static Random Access Memory organized as 4096 words by 4 bits. This memory is fabri- 
cated using Intel's high-density, high-performance technology— double poly HMOS II. This state of the art technology 
brings high-density to high-performance static RAMs. The design of the 2168 offers a 4x density improvement over 
the industry standard 2148A and 2114A, with compatible performance. The 2168 offers the automatic power-down 
feature pioneered by the Intel 2147. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2168), the part auto- 
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems where the majority of devices 
are deselected. 

The 2168 is placed in a 20-pin package configured with the industry standard 4Kx4 pinout, offering the industry's 
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output, and a single + 5V supply. 
The data is read out nondestructive^ and has the same polarity as the input data. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



A 6 C 
A 5 C 
A 4 C 
AoC 
AiC 
A 2 C 
A3C 

cs C 

GND C 



3 v cc 

H A 8 
3 A 9 

3 A10 
3 An 
3 I/O, 
3 i/o 2 
3 1/O3 
3 1/O4 

3 WE 



— 


Ao 







A1 


I/O1 





A 2 







A3 
A4 


l/0 2 





A 5 


I/O3 





A 6 







A7 


I/O4 





A« 







A9 







A10 




— 


A11 






WE CS 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


we 


WRITE ENABLE 


cs 


CHIP SELECT 


1/0,-1/04 


DATA INPUT/OUTPUT 


Vcc 


POWER (+5V) 


GND 


GROUND 



TRUTH TABLE 



cs 


WE 


MODE 


I/O 


POWER 


H ■ 

L 

L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
D ut 


STANDBY 
ACTIVE 
ACTIVE 
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5104 
4096 x 1 BIT STATIC CMOS RAM 



■ Fully Static Operation; No Clocks, 
Strobes or Latches 

■ High Performance; 150 ns Access Time 

■ TTL Compatible Inputs and Outputs 

■ Microwatt Standby Power 



■ Data Retention at 2.0V 

■ Identical Cycle and Access Times 

■ High Density 18-Pin Package 

■ 2141 Pin Compatible 



The Intel® 5104 is a 4096-bit CMOS RAM organized as 4096 words by 1 bit. It employs fully static circuitry 
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle 
times that are longer than access times. 

Using Intel's high performance CMOS technology, it achieves both true microwatt standby power and 
access times to match present and next generation microprocessors. The 5104 is ideally suited for bat- 
tery operation and battery backup applications. 




l^O 



AoC 
Aid 
A 2 E 
AaC 
A 4 C 
A 5 C 

DoutC 

weC 

gndC 



18 



2 17 

3 16 

4 15 
5 5104 14 



3 v cc 

DA 6 
I]A 7 
DA 8 

]A 9 

Ha 10 

]All 
D D IN 

D 5s 



A 

Ai 

A 2 

A 3 

A 4 

A 5 

A 6 D UT 

A7 

A 8 

Ag 

A10 

An 

D| N WE CS 





PIN NAMES 


A0-A11 


ADDRESS INPUTS 


Vcc POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




DOUT 


DATA OUTPUT 





TRUTH TABLE 



CS 


WE 


) MODE 


OUTPUT 


POWER 


H 
L 
L 


X 

L 

H 


NOT SELECTED 
WRITE 
READ 


HIGH Z 
HIGHZ 
ACTIVE 


STANDBY 
ACTIVE 
ACTIVE 



Figure 1. 5104 Block Diagram 



Figure 2. 5104 Pin Diagram 
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5114 
1024 x 4 BIT STATIC CMOS RAM 



■ Fully Static Operation; No Clocks, 
Strobes or Latches 

■ High Performance; 150 ns Access Time 

■ TTL Compatible Inputs and Outputs 

■ Microwatt Standby Power 



■ Data Retention at 2.0V 

■ Identical Cycle and Access Times 

■ High Density 18-Pin Package 

■ 211 4 A Pin Compatible 



The Intel® 5114 is a 4096-bit CMOS RAM organized as 1024 words by 4 bits. It employs fully static circuitry 
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle 
times that are longer than access times. 

Using Intel's high performance CMOS technology, it achieves both true microwatt standby power and 
access times to match present and next generation microprocessors. The 5114 is ideally suited for bat- 
tery operation and battery backup applications. 




A6 C 




8 


U v cc _ 


AO 




*c 


2 


7 


UA 7 - 


Ai 


l/Oi 


A4C 


3 


6 


u* - 


A 2 




A 3 (Z 


4 


5 


u* - 


A3 


I/0 2 


A °LZ 


5 5114 


4 


HI l/Oi 


A4 
A 5 
A6 




Aid 


6 


3 


U l/0 2 


l/0 3 


A2C 




2 


Z3 1/03 


A 7 




csQ 


8 


1 


I] l/0 4 


As 


I/O4 


gndQ 


S 





Z] WE 


A 9 
WE 


cs 



rr 



O = PIN NUMBERS 



TRUTH TABLE 



cs 


WE 


MODE 


OUTPUT 


POWER 


H 


X 


NOT SELECTED 


HIGHZ 


STANDBY . 


L 


L 


WRITE 


HIGHZ 


ACTIVE 


L 


H 


READ 


ACTIVE 


ACTIVE 





PIN NAMES 




Ao— Ag 


ADDRESS INPUTS 


VCC POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS- 


CHIP SELECT 




I/O1— I/O4 


DATA INPUT/OUTPUT 





Figure 1. 5114 Block Diagram 



Figure 2. 5114 Pin Diagram 
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2K x 8 
2048 x 8-BIT STATIC RAM 



Fully Static Operation; No Clocks, 
Refresh or Latches 



■ EPROM Compatible Pinout 



Industry Standard 24-Pin Package 



■ Two Line Control, CE Controls Power- 
Down, OE Controls Output Buffers — 
Eliminates Bus Contention 

■ 150 ns Maximum Access Time 

■ Auto Power- Down 



The Intel® 2Kx8 is a 16,384-bit static RAM organized as 2048 words by 8 bits. It employs fully static cir- 
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power- 
down feature cuts power consumption when the device is disabled. 

The 24-pin industry standard pinout allows easy upgrades to 4Kx 8 static RAMs and compatibility to the 
2732 4Kx8 and 2764 8Kx8 EPROMs in 28-pin sites. The two line control simplifies decoding and elimi- 
nates any possibility of bus contention. 



TRUTH TABLE 



CE 


WE 


OE" 


MODE 


OUTPUT 


POWER 


H 


X 


X 


NOT SELECT 


HIGHZ 


STANDBY 


L 


H 


H 


SELECTED 


HIGHZ 


ACTIVE 


L 


H 


L 


READ 


ACTIVE 


ACTIVE 


L 


L 


X 


WRITE 


HIGHZ 


ACTIVE 





PIN NAMES 


A,— A 10 


ADDRESS INPUTS 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


D — D 7 


DATA INPUT/OUTPUT 


V cc 


POWER (+5V) 


GND 


GROUND 



LOGIC 

SYMBOL 

2Kx8 SRAM 



A 


On 


A, 




A 2 


D, 


A 3 


D ? 


A4 




A 5 


D 3 


Ae 


D 4 


A 7 




Aa 


D 5 


A 9 


D fi 








L>7 


OE WE CE 



TTT 



PIN 

CONFIGURATION 

2Kx8 SRAM 



4Kx8 SRAM 



COMPATIBLE PINOUTS 
8Kx8 SRAM 



8Kx8 EPROM 




Figure 1 . 2K x 8 Pin Diagram 



Figure 2. Compatible Pinouts 
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4Kx8 
4096 x 8-BIT STATIC RAM 



Fully Static Operation; No Clocks, 
Refresh or Latches 

EPROM Compatible JEDEC Standard 
Pinout 

2764 Compatible 28-Pin Package — 
Allows Easy Upgrade To 8K x 8 SRAM 
Without Jumpers 



■ Two Line Control, CE Controls Power- 
Down, 51 Controls Output Buffers — 
Eliminates Bus Contention 

■ 150 ns Maximum Access Time 

■ Auto Power-Down 



The Intel® 4Kx8 is a 32,768-bit static RAM organized as 4096 words by 8 bits. It employs fully static cir- 
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power- 
down feature cuts power consumption when the device is disabled. 

The 28-pin JEDEC standard pinout allows easy upgrades to 8Kx 8 static RAMs and compatibility to the 
2732 4Kx8 and 2764 8Kx8 EPROMs — without jumpers. The two line control simplifies decoding and 
eliminates any possibility of bus contention. 



TRUTH TABLE 



■cr 


WE 


OE 


MODE 


OUTPUT 


POWER 


H 


X 


X 


NOT SELECT 


HIGHZ 


STANDBY 


L 


H 


H 


SELECTED 


HIGHZ 


ACTIVE 


L 


H 


L 


READ 


ACTIVE 


ACTIVE 


L 


L 


X 


WRITE 


HIGHZ 


ACTIVE 





PIN NAMES 


Ac— An 


ADDRESS INPUTS 


CT 


CHIP ENABLE 


5E 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


D„— D 7 


DATA INPUT/OUTPUT 


Vcc 


POWER (+5V) 


GND 


GROUND 



LOGIC 

SYMBOL 

4Kx8 





Ao 




A, D ° 




A 2 D, 




A 3 


— 


A, D * 


— 


A 5 D 3 





£ »■ 


— 


As D 5 




A » 




A D * 




A„ D 7 




OE WE CE 



PIN 

CONFIGURATION 

4Kx8 SRAM 



COMPATIBLE PINOUTS 




TTT 



8Kx8 SRAM 



8Kx8 EPROM 




Figure 1. 4K x 8-Pin Diagram 



Figure 2. Compatible Pinouts 
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21 DO 
8192 x 8-BIT PSEUDOSTATIC RAM 



Synchronous and Asynchronous 
Versions 

Fully Integrated On-Chip Refresh 

On-Chip Signal Arbitration 

Processor Handshake Signal 

Automatic Wake-Up 

90 mA Active, 12 mA Standby 



■ JEDED JC-42 Standard Pinout 

■ Single-Step Capability 

m Two-Line Data Bus Control 

■ Single +5V ±10% Supply 

■ Proven HMOS-D2 Reliability 

■ 170 ns Access, 300 ns Cycle Times 



The Intel 21 DO is an 8192-word by 8-bit pseudostatic random access memory fabricated on Intel's high 
performance HMOS-D2 dynamic RAM technology. By integrating all refresh control circuitry at the chip 
level, the 21 DO allows the system designer to take advantage of dynamic RAM density, power consump- 
tion and price without the added cost of designing the refresh control interface. Complete on-chip cir- 
cuitry includes refresh address counting and multiplexing, refresh interval timing and high speed request 
arbitration. Designed for flexible operation in virtually any microprocessor system, the 21 DO incorporates 
many features unique to microprocessor applications. These include auto precharge for single-step 
operation, automatic power-up, activated through the system reset, and two-line data bus control to 
eliminate bus contention. 

Offered in two separate versions, the 21 DO is optimized to operate on either synchronous or asynchro- 
nous system memory buses. For synchronous operation, all internal functions are disabled except re- 
fresh addres s counti ng and multiplexing. In this application, the user must provide the specified 128 
pulses to the REFEN input every 2 msec . For as ynchronous operation, a handshake signal to the proces- 
sor, called READY, is provided in lieu of REFEN to indicate when memory and system timings are incom- 
patible (as during a refresh operation). A not ready condition occurs only when a 21 DO has been accessed 
by CE going low during a refresh cycle. When this occurs, the refresh cycle is completed, READY is re- 
leased to be pulled back high to Vcc, and the memory cycle continues to completion. 



A7A8A9A10A11A12 









X P; 




</> "J 




«z 












oco 




\y 


As _*. 








A 4 -^ 

A3 -*- 
A 2 -.. 

A1 —* 


3*5 


A 

-v 




Ao -»• 






S 




T^ T 



A0-A12 


ADDRESS INPUTS 


CE 


CHIP ENABLE 


GE 


OUTPUT ENABLE 


WE 


WRITE ENABLE 


I/O0-I/O7 


DATA INPUT/OUTPUT 


REFEN 


REFRESH ENABLE 


RDY 


READY 


VCC 


+ 5V POWER 


Vss 


GROUND 





♦RDY/REFEN LZ 


^ 

1 28 


3 v cc 




A12 \Z 


2 


27 


Zl WE 




A7E 


3 


26 


Zl NC 




VA.C 


4 


25 


Z A8 




As [2 


5 


24 


ZA9 




A<C 


6 


23 


Zl A11 


wl 


A 3 C 




22 


ZOE 


REFEN 
51 


a 2 e 


8 


21 


Zl A10 


RDY 


Aid 


9 


20 


Zlcl 




AoE 


10 


19 


Zl U °7 




l/Oo \Z 


11 


18 


Zl l/0 6 




1/01 [2 


12 


17 


Z "°5 




i/o 2 LZ 


13 


t« 


Z 1/04 




VSS C 


14 


15 


Zl i'o 3 



*REFEN OFFERED WITH SYNCHRONOUS VERSION ONLY 
RDY OFFERED WITH ASYNCHRONOUS VERSION ONLY 
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21 D1 
4096 x 8-BIT PSEUDOSTATIC RAM 



■ Multiplexed Address and Data Buses 

■ 8 or 16-Bit System Capability 

■ On-Chip Arbitration 

■ Processor Handshake 

■ Proven HMOS-D2 Reliability 

■ 50 mA Active, 10 mA Standby 



■ Fully Integrated Refresh 

■ Fully Integrated Control Logic 

■ Automatic Wake-Up 

■ Multiple Refresh Modes 

■ 200 ns Access, 400 ns Cycle Times 



The Intel 21 D1 is a 4096-word by 8-bit pseudostatic random access memory — PSRAM. Integrating all 
refresh control circuitry at the chip level allows the system designer to take advantage of dynamic RAM 
density, performance and price without the added cost of designing the refresh control interface. The 
21 D1 is intended for use with multiplexed address/data bus microprocessors such as the Intel iAPX 86 
and iAPX 88. Flexible data bus control options permit the 21 D1 to be arranged for operation on either 8-bit 
or 16-bit data buses. All operating parameters have been optimized for high performance, no wait-state 
operation without TTL interface components. Output drive capabilities and access times are consistent 
with all present and future microprocessors. 

Complete on-chip refresh control circuitry includes refresh address counting and multiplexing, refresh 
interval timing, and high speed reques t arbitration. Refresh operation may be controlled either ex ternally 
by synchronously strobing the REFEN input 128 times in 2 msec, or internally by holding REFEN input to 
ground. In the internal mode of refresh operation, all refresh is automatic and nearly transparent to the 
user. A handshake signal to the processor, called READY, is provided to indicate when memory access 
occurs during refresh operation. READY is used to stop the microprocessor until the 21 D1 has finished 
doing refresh. READY, an open drain output, is then released to be pulled back high to Vcc, and the 21 D1 
continues with the externally requested access cycle. 

Data output location is controlled by two external pins. The internal 8-bit data bus can be shifted between 
the upper eight data I/O pins or the lower eight data I/O pins. This allows the same part to be used in either 
8-bit or 16-bit systems. Multiple levels of chip selects permit linear selection of RAM by the highest order 
addresses. 



READY Q 1 



CS/CS ■. 

REFEN - 
ALE - 
RDY - 






yy gating 



COLUMN DECODER 



,S,> II „ I n^>: 

I ROW I COL II DATA IN I DATA OUT 
| LATCH I LATCH II BUFFERS | BUFFERS 

*?^ V y" 7v — 

k EXTERNAL ADDRESS/DATA BUS 




28 


3 


Vcc 


27 


3 


BHE/8-16 


26 


3 


M/IO 


25 


3 


CS 


24 


3 


CS 


23 


3 


OE 


22 


3 


WE 


21 


3 


ALE 


20 


3 


D15 


19 


3 


D14 


18 


3 


D13 


17 


3 


AD12 


16 


3 


AD11 


15 


3 


AD10 



AD0-AD12 


ADDRESS/DATA I/O 


D13-D15 


DATA I/O 


READY 


READY 


REFEN 


REFRESH ENABLE 


WE 


WRITE ENABLE 


51 


OUTPUT ENABLE 


ALE 


ADDRESS LATCH ENABLE 


BHE/8-16 


BYTE HIGH ENABLE/8-16 


U/L 


UPPER/LOWER 


CS,C"3,M/TO" 


CHIP SELECTS 


Vss 


GROUND 


Vcc 


+ 5 VOLTS 
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Read Only Memory and O 

Memory Support 









IV 


OS EPRO 


VI FAMILY 








Type 


No. 

of 

Bits 


Organization 


No. 

of 

Pins 


Output 


Maximum 

Access 

(ns) 


Maximum 

Power 

Dissipation 

(mW) 


Operating 

Temperature 

Range 

(°C) 


Power 

Supply 

(V) 


2716 

2716-1 

2716-2 

2716-5 

2716-6 


16384 
16384 
16384 
16384 
16384 


2048x8 
2048x8 
2048x8 
2048x8 
2048x8 


24 
24 
24 
24 
24 


T.S. 
T.S. 
T.S. 
T.S. 
T.S. 


450 
350 
390 
490 
650 


525/132 
550/138 
525/132 
525/132 
525/132 


0to70 
0to70 
0to70 
0to70 
0to70 


5V±5% 
5V±10% 
5V±5% 
5V±5% 
5V±5% 


12716 


16384 


2048x8 


24 


T.S. 


450 


605/165 


-40 to 85 


5V±5% 


M2716M 
M2716 


16384 
16384 


2048x8 
2048x8 


24 
24 


T.S. 
T.S. 


450 
450 


635/165 
635/165 


-55 to 125 
-55 to 100 


5V±10% 
5V±10% 


2732 

2732-4 

2732-6 


32768 
32768 
32768 


4096x8 
4096x8 
4096x8 


24 
24 
24 


T.S. 
T.S. 
T.S. 


450 
390 
550 


790/185 
790/185 
790/185 


0to70 
0to70 
0to70 


5V±5% 
5V±5% 
5V±5% 


2732A 

2732A-2 

2732A-3 


32768 
32768 
32768 


4096x8 
4096x8 
4096x8 


24 
24 
24 


T.S. 
T.S. 
T.S. 


250 
200 
300 


790/185 
790/185 
790/185 


0to70 
0to70 
0to70 


5V±„5% 
5V±5% 
5V±5% 


M2732 

M2732 
S8416 


32768 
32768 


4096x8 
4096x8 


24 
24 


T.S. 
T.S. 


450 
550 


825/250 
825/250 


-55 to 100 
-55 to 125 


5V±10% 
5V±iO% 


2764 
2764-2 
2764-3 
2764-4 


65536 
65536 
65536 
65536 


8192x8 
8192x8 
8192x8 
8192x8 


28 
28 
28 
28 


T.S. 
T.S. 
T.S. 
T.S. 


250 
200 
300 
450 


790/185 
790/185 
790/185 
790/185 


0to70 
'to 70 
0to70 
0to70 


5V±5% 
5V±5% 
5V±5% 
5V±5% 



MOS E'PROM FAMILY 



2816 

2816-3 

M2816 


16384 
16384 
16384 


2048x8 
2048x8 
2048x8 


24 
24 
24 


T.S. 
T.S. 
T.S. 


250 
350 
300 


495/135 
495/135 
825/195 


0to70 

0to70 

-55 to 125 


5V±5% 

5V±5% 

5V±10% 
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BIPOLAR PROM FAMILY 















Maximum 


Operating 






No. 




No. 




Maximum 


Power 


Temperature 


Power 




of 




of 




Access 


Dissipation 


Range 


Supply 


Type 


Bits 


Organization 


Pins 


Output 


(ns) 


(mW) 


<°C) 


W 


3628A-1 


8192 


1024x8 


24 


T.S. 


50 


998 


to 75 


5V±10% 


3628A-3 


8192 


1024x8 


24 


T.S. 


70 


998 


0to75 


5V±10% 


3628A-4 


8192 


1024x8 


24 


T.S. 


90 


998 


0to75 


5V±10% 


3636 


16384 


2048x8 


24 


T.S. 


80 


998 


0to75 


5V±10% 


3636-1 


16384 


2048x8 


24 


T.S. 


65 


998 


0to75 


5V±10% 


3636B-1 


16384 


2048x8 


24 


T.S. 


35 


998 


0to75 


5V±10% 


3636B-2 


16384 


2048x8 


24 


T.S. 


45 


998 


0to75 


5V±10% 


M3636 


16384 


2048x8 


24 


T.S. 


80 


998 


-50 to 125 


5V±5% 



BIPOLAR PROM CROSS REFERENCE 



Part 
Number 

82S181 
82S191 
82S191 


Prefix and 
Manufacturer 

N-Slgnetics 
N-Signetics 
S-Signetics 


Organization 

1024x8 
2048x8 
2048x8 


Intel Part Number 


Direct 
Replacement 

3628A-3 
3636 
M3636 


For New 
Designs 

3628A-1 
3636B-1 
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2716* 
16K (2K x 8) UV ERASABLE PROM 



■ Fast Access Time 

— 350 ns Max. 2716-1 

— 390 ns Max. 2716-2 

— 450 ns Max. 2716 

— 490 ns Max. 2716-5 

— 650 ns Max. 2716-6 

■ Single + 5V Power Supply 

■ Low Power Dissipation 

— 525 mW Max. Active Power 

— 132 mW Max. Standby Power 

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. 

The 27 1 6, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel's 8085 and 8086. A selected 2716-5 and 2716-6 is available for slower speed applications. 
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access 
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 
75% savings. 

The 2716 has the simplest and fastest method yet devised for programming EPROMs - single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any 
time— either individually, sequentially or at random, with the 271 6's single address location programming. Total programming 
time for all 16,384 bits is only 100 seconds. 



Pin Compatible to Intel® 2732 EPROM 

Simple Programming Requirements 

— Single Location Programming 

— Programs with One 50 ms Pulse 

Inputs and Outputs TTL Compatible 
during Read and Program 

Completely Static 



PIN CONFIGURATION 



2716 



2732 T 




tReferto2732 
data sheet for 
specifications 



PIN NAMES 



A0- A 10 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


°*-°7 


OUTPUTS 



MODE SELECTION 



^\ PINS 
MODE ^v. 


CE/PGNV 

(18) 


OE 

(20} 


Vpp 

(21) 


v C c 

(24) 


OUTPUTS 
(9-11. 13-17) 


Read 


VlL 


VlL 


+5 


+5 


DouT 


Standby 


V| H 


Don't Care 


+5 


+5 


High Z 


Program 


Pulsed V| L to V|H 


V|H 


+25 


+5 


D|N 


Program Verify 


VlL 


VlL 


+25 


+5 


DouT 


Program Inhibit 


V, L 


VlH 


+25 


+5 


High Z 



BLOCK DIAGRAM 



OUTPUT ENABLE 
CHIP ENABLE AND 
PROG LOGIC 



A0-A10 
ADDRESS 

INPUTS 



OUTPUT BUFFERS 
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2716 

PROGRAMMING 

The programming spec if /cations are described in the Data Catalog PROM/ROM Programming Instructions Section. 

Absolute Maximum Ratings* 

Temperature Under Bias -10°C to +80°C 'COMMENT: Stresses above those listed under "Absolute Maxi- 

Storage Temperature -65°C to +125°C mum Ratings" may cause permanent damage to the device. This is a 

All Input or Output Voltages with stress rating only and functional operation of the device at these or 

D „ «. . /~ ~..„~i ^ew * n n\i an Y other conditions above those indicated in the operational sec- 

Respect to Ground +6V to -0.3V tj()ns of thj| specification is not implied . Exposure t0 absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 

to Ground During Program +26.5V to -0.3V reliability. 

DC and AC Operating Conditions During Read 





2716 


271&-1 


2716-2 


2716-5 


2716-6 


Temperature Range 


0°C-70°C 


0°C - 70°C 


0°C - 70°C 


0°C - 70°C 


0°C - 70°C 


Vcc Power Supply f »2] 


5V±5% 


5V±10% 


5 V ±5% 


5V±5% 


5V ±5% 


Vpp Power Supply [2] 


v C c 


Vcc 


Vcc 


V C c 


Vcc 



READ OPERATION 

D.C. and Operating Characteristics 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.< 3] 


Max. 


"li 


Input Load Current 






10 


MA 


V, N = 5.25V 


Ilo 


Output Leakage Current 






10 


ma 


Vqut = 5.25V 


Ippi [2] 


Vpp Current 






5 


mA 


Vpp = 5.25V 


lcci [2] 


V C c Current (Standby) 




10 


25 


mA 


CE = V| H ,OE = V| L 


ICC2 [2] 


Vcc Current (Active) 




57 


100 


mA 


OE=UF=V| L 


VtL 


Input Low Voltage 


-0.1 




0.8 


V 




V| H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


VqH 


Output High Voltage 


2.4 






V 


loH = -400/iA 



NOTES: 1 . Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice ant ^ 'PP1 • 

3. Typical values are for T/\ = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 



Typical Characteristics 

ICC CURRENT 

vs. 
TEMPERATURE 



ACCESS TIME 

vs. 
CAPACITANCE 



ACCESS TIME 

vs. 

TEMPERATURE 











1 


































CC2 ACTIVE CURRENT 
CE=V, L 
Vrr=5V 


i 




































10 









ICC1 ST/1 


NDBV 
C"f>V 
VCC= 


CUR 
IH 
5V 


RENT 












— 
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I 400 

I 

h- 300 
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100 





















































































































,5 300 
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vcc 


= 5V 





































































60 70 80 



TEMPERATURE ( C) 



300 400 500 600 700 800 

C L (pF) 



10 20 30 40 



TEMPERATURE C'C) 
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2716 



A.C. Characteristics 


Symbol 


Parameter 


Limits (ns) 


Test 
Conditions 


2716 
Min. Max. 


2716-1 
Min. Max. 


2716-2 

Min. Max. 


2716-5 

Min. Max. 


2716-6 
Min. Max. 


Ucc 


Address to Output Delay 


450 


350 


390 


450 


450 


CE = OE = V| L 


tCE 


CE to Output Delay 


450 


350 


390 


490 


650 


OE = V, L 


tOE 


Output Enable to Output Delay 


120 


120 


120 


160 


200 


CE = V, L 


tDF 


Output Enable High to Output Float 


100 





100 


100 





100 





100 


CE = V IL 


tQH 


Output Hold from Addresses, CE or 
OE Whichever Occurred First 

















CE = OE = V, L 



Capacitance [4] T A = 25° C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


4 


6 


PF 


v, N = ov 


C OUT 


Output Capacitance 


8 


12 


pF 


V O UT=0V 



A.C. Test Conditions: 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A. C. Waveforms H 1 



ADDRESSES 



X 



ADDRESSES 
VALID 



X 



\ 



/ 



*CE 



\ 



L- [5] — 

r *oe 



[5] 



^ 



tOH- 



/ 



VALID OUTPUT 




1 • Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice and 'PP1 • 

3. Typical values are for T/\ = 25° C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. This parameter is only sampled and is not 100% tested. 

6. OE may be delayed up to t/\cC " t OE after the falling edge of CE without impact on t/\cc- 

7. tpF is specified from OE or CE, whichever occurs first. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm 2 . The erasure time with this 
dosage is approximately 15 to 20 minutes using, an ultra- 
violet lamp with a 12000 fJt\N /cm 2 power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in Table 
I. It should be noted that all inputs for the five modesare at 
TTL ievels. The power supplies required are a +5V Vqc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 

TABLE f. MODE SELECTION 



^v. PINS 
MODE ^\^ 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


v C c 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V|L 


+5 


+5 


DouT 


Standby 


V|H 


Don't Care 


+5 


+5 


High 2 


Program 


Pulsed V| L to V|h 


V|H 


+25 


+5 


D|N 


Program Verify 


V|L 


VlL 


+25 


+5 


DOUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


High Z 



READ MODE 

The 2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tAcc) ' s equal to 
the delay from CE to output (t.ce)- Data is available at 
the outputs 120_ns (tQE) af ter tne falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tAcc ~ tOE- 
STANDBY MODE 

The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placedjn the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 



OUTPUT OR-TIEING 

Because 271 6's are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accomo- 
dates this use of multiple memory connections.* The two 
line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 

PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Initially, and after each erasure, all bits of the 2716 are in 
the "1" state. Data is introduced by selectively program- 
ming "0's" into the desired bit locations. Although only 
"0's" will be programmed, both "1's" and "0's" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at V|h- The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable, a 50_msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time - either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 

Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2716s. 
PROGRAM INHIBIT 

Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 271 6's 
CE/PGM input_with V PP at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 
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2732 
32K (4K x 8) UV ERASABLE PROM 



Fast Access Time: 

— 390 ns Max. 2732-4 
-450 ns Max. 2732 

— 550 ns Max. 2732-6 

Industry Standard Pinout — JEDEC 
Approved 



Output Enable for MCS-85™ and MCS- 
86™ Compatibility 



Low Power Dissipation: 

— 150mA Max. Active Current 

— 35 mA Max Standby Current 



Pin Compatible to Intel's EPROM 
Family: 2716, 2732A, 2764 



Single +5V±5% Power Supply 



The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. The total pro- 
gramming time for all bits is three and a half minutes. The 2732 family with an access time up to 390 ns enhances 
microprocessor system performance. This family, in conjunction with the 250 ns 2732A family, solves the problem of 
WAIT states due to slow memories. 

An important 2732 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The 
OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 
describes the microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMs. 
AP-72 is available from Intel's Literature Department. 

The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum 
active current is 150mA, while the maximum standby current is only 35mA, a 75% savings. The standby mode is 
achieved by applying a TTL-high signal to the CE input. 



2732 
PIN CONFIGURATION 




2732A 
PIN CONFIGURATION 




MODE SELECTION 





CE 

(18) 


OE/Vpp 
(20) 


Vcc 
(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V| L 


+5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


HighZ 


Program 


V|L 


Vpp 


+5 


D| N 


Program Verify 


V|L 


V|L 


+5 


D OUT 


Program Inhibit 


V|H 


Vpp 


+5 


HighZ 



BLOCK DIAGRAM 



PIN NAMES 



A0-A11 


ADDRESSES 


CE 


CHIP ENABLE 


Ol 


OUTPUT ENABLE 


C-O-Oy 


OUTPUTS 



Vcco- 



OE- 
51- 



A0-A11 

ADDRESS 

INPUTS 



Jp AND 
CE LOGIC 

* — 



DATA OUTPUTS 
O0-O7 



OUTPUT BUFFERS 



32,768-BIT 
CELL MATRIX 
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2732 

PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 

ABSOLUTE MAXIMUM RATINGS* comment 

Stresses above those listed under "Absolute Maximum Ratings" may cause 

Temperature Under Bias -10°C to +80° C permanent damage to the device. This is a stress rating only and functional 

Storage Temperature -65° C to +125°C operation of the device at these or any other conditions above those 

.... J~ .. ' *+w,' ' ' ' ' indicated in the operational sections of this specification is not implied. 

All input Or Output Voltages Wltn Exposure to absolute maximum rating conditions for extended periods 

Respect to Ground +6V to -0.3V may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5% 
READ OPERATION 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.m 


Max. 


lLI1 


Input Load Current (except OE/Vpp) 






10 


ma 


Vin = 5.25V 


ILI2 


OE/Vpp Input Load Current 






10 


M 


Vin = 5.25V 


lLO 


Output Leakage Current 






10 


ma 


VoUT = 5.25V 


icci 


Vcc Current (Standby) 




15 


35 


mA 


CE = Vih, OE = Vil 


ICC2 


Vcc Current (Active) 




85 


150 


mA 


OE = CE = Vil 


VlL 


Input Low Voltage 


-0.1 




0.8 


V 




VlH 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iol = 2.1mA 


VOH 


Output High Voltage 


2.4 






V 


I OH = -400 yuA 



Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. 



TYPICAL CHARACTERISTICS 



l cc CURRENT 
VS. TEMPERATURE 



90 
80 
70 
60 
50 
40 
30 


































l c 


no (A 


CTIV 


: CUR 


RFMT 


rp**, 






CE - V IL 










cc « 




































CC1 ( 


JTANI 


3BYC 


URRE 


NT) 








Cl = V,H 
V cc = 5V 


10 




































CE TO OUTPUT DELAY (t CE ) 
VS. CAPACITANCE 



20 30 40 50 6( 
TEMPERATURE (°C) 



500 


















js 


















«S» 


















100 












T 


^=25 


C 



100 200 300 400 500 600 700 

C L (pF) 



CE TO OUTPUT DELAY (t CE ) 
VS. TEMPERATURE 



500 
400 




































200 
100 












































v 


X-5 


V 



10 20 30 40 50 60 70 
TEMPERATURE <°C) 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70° C, Vcc = +5V ± 5% 



Symbol 


Parameter 


2732-4 Limits 
(ns) 


2732 Limits 
(ns) 


2732-6 Limits 
(ns) 


Test 
Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Ucc 


Address to Output Delay 




390 




450 




550 


CE=OE = V| L 


tcE 


CE to Output Delay 




390 




450 




550 


OE = V, L 


tOE 


Output Enable to Output Delay 




120 




120 




120 


CE = V, L 


tDF 


Output Enable High to Output Float 





100 





100 





100 


CE = V IL 


tOH 


Output Hold from Addresses, CE or 
OE, Whichever Occurred First 

















CE=OE = V| L 



CAPACITANCE (I t a =25°c, f=iMHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N1 


Input Capacitance 
Except OE/Vpp 


4 


6 


PF 


Vin = ov 


ClN2 


OE/Vpp Input 
Capacitance 




20 


PF 


Vin = ov 


COUT 


Output Capacitance 




12 


PF 


VOUT = 0V 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and Cl = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. WAVEFORMS [2] 




i 


K 

/ 

/ 








7 




1 




tDF 


(0) — ^ 






[4] 


\| 


^ 


^ HIGHZ 






Wi 


I 



NOTES: 

1. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 

2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSE£UNLESS OTHERWISE SPECIFIED. 

3. OE MAY BE DELAYED UPTO t Ae c - k>E AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON t ACC . 

4. t DF IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 2732 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 2732 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 2732 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 2732 
window to prevent unintentional erasure. 

The recommended erasure procedure (see Data Catalog) 
for the 2732 is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms ( 9 ). The inte- 
grated dose (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm 2 . The 
erasure time with this dosage is approximately 15 to 20 
minutes using an ultraviolet lamp with a 12000 juW/cm 2 
power rating. The 2732 should be placed within 1 inch of 
the lamp tubes during erasure. Some lamps have a filter 
on their tubes which should be removed before erasure. 



DEVICE OPERATION 

The five modes of operation of the 2732 are listed in 
Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for_OE/V PP during 
programming. In the program mode the OE/V PP input is 
pulsed from a TTL level to 25V. 

TABLE 1. Mode Selection 



^*--^PINS 
MODE^\^ 


CE 
(18) 


OE/Vpp 
(20) 


Vcc 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V| L 


V|L 


+ 5 


D OUT 


Standby 


V| H 


Don't Care 


+ 5 


HighZ 


Program 


V|L 


v PP 


+ 5 


Din 


Program Verify 


V|L 


Vil 


+ 5 


D OUT 


Program Inhibit 


V| H 


Vpp 


+ 5 


HighZ 



Read Mode 

The 2732 has two control functions, both of which must 
be logically satisfiedjn order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the 
output control and should be used to gate data to the 
output pins, independent of device selection. Assuming 
that addresses are stable, address access time (t ACC ) is 
equal to the delay from CE to output (t C E)- Data is 
available at the outputs 120ns (t E) after the falling edge 
of CE, assuming that CE has been low and addresses 
have been stable for at least t ACC — t E- 
Standby Mode 

The 2732 has a standby mode which reduces the active 
power current by 75%, from 150mA to 35mA. The 2732 
is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out- 



puts are in a high impedance state, independent of the 
01 input. 

Output OR-Tieing 

Because EPROMs are usually used in larger memory ar- 
rays, Intel has provided a 2 line control function that ac- 
commodates this use of multiple memory connections. 
The two line control function allows for:. 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is 
recommended that CE (pin 18) be decoded and used as 
the primary device selecting function, while CE (pin 20) 
be made a common connection to all devices in the ar- 
ray and connected to the READ line from the system 
control bus. This assures that all deselected memory 
devices are in their low power standby mode and that 
the output pins are only active when data is desired 
from a particular memory device. 

PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Initially, and after each erasure, all bits of the 2732 are in 
the "T" state. Data is introduced by selectively program- 
ming "0's" into the desired bit locations. Although only 
"0's" will be programmed, both 'Ts" and "0's" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The 2732 is in the programming mode when the OE/Vpp 
input is at 25V. It is required that a 0.1 mF capacitor be 
placed across OE/Vpp and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and data 
inputs are TTL. 

When the address and data are stable, a 50msec, active 
low, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location to 
be programmed. You can program any location at any 
time — either individually, sequentially, or at random. The 
program pulse has a maximum width of 55msec. The 2732 
must not be programmed with a DC signal applied to the 
CE input. 

Programming of multiple 2732s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the 
paralleled 2732s may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 2732s. 

Program Inhibit 

Programming of multiple 2732s in parallel with different 
data is also easily accomplished. Except for CE, all like 
inputs (including OE) of the parallel 2732s may be 
common. A TTL level program pulse applied to a 2732's 
CE input with OE/Vpp at 25V will program that 2732. A 
high level CE input inhibits the other 2732s from being 
programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify is accomplished with OE/Vpp and CE at Vil. Data 
should be verified tpv after the falling edge of CE. 
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2732A 
32K (4K x 8) UV ERASABLE PROM 



1 200ns (2732A-2) Maximum Access 
Time . . . HMOS*-E Technology 

i Compatible to High Speed 8mHz 
8086-2 MPU . . .Zero WAIT State 



i Pin Compatible to 2764 EPROM 

i Industry Standard Pinout . . . JEDEC 
Approved 



i Two Line Control 



i Low Standby Current . . . 35 mA Max. 



The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). It 
is pin compatible to Intel's 450ns 2732. The standard 2732A's access time is 250ns with speed selection (2732A-2) 
available at 200ns. The access time is compatible to high performance microprocessors, such as the 8mHz 8086-2. In 
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 

An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 describes the 
microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is available from Intel's 
Literature Department. 

The 2732A has a standby mode which reduces the power dissipation without increasing access time. The maximum 
active current is 150mA, while the maximum standby current is only 35mA, a 75% saving. The standby mode is achieved 
by applying a TTL-high signal to the CE input. 

The 2732A is fabricated with HMOS*-E technology, Intel's high speed N-channel MOS Silicon Gate Technology. 

MODE SELECTION 











2764 




2732A 


PIN CONFIGURATION 


PIN CONFIGURATION 


VppQ 


1 ^"^ 28 


IJvcc 




A12C 


2 27 


Upgm 
"2 N.c.m 


A 7 C 


1 ^^ 24 


DVcc 


A7C 


3 26 


AeC 


2 23 


3*8 


AeC 


4 25 


I]A8 


A*C 


3 22 


Da 9 


A5C 


5 24 


I]A9 


A 4 C 


4 21 


:*n. 


A4d 


6 23 


I] An 


A 3 C 


5 20 


D OE/Vpp 


A 3 C 


7 22 


Doe 


A 2 C 


6 19 


DA 10 


A2C 


8 21 


I]A10 


A lC 


7 18 


3CE 


Aid 


9 20 


3CE 


\c 


8 17 


HO7 


AoE 


10 19 


I] 07 


OoC 


9 16 


Do 6 


OoC 


11 18 


Doe 


o,C 


10 15 


I]0 6 


01 C 


12 17 


I] 05 


o 2 c 


11 14 


D°4 


02 C 


13 16 


U04 


gndC 


12 13 


D0 3 


gndC 


14 15 


U03 



MODE X. 


CE 

(18) 


OE/V PP 
(20) 


Vcc 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V, L 


+5 


D OUT 


Standby 


V,H 


Don't Care 


+5 


High Z 


Program 


V|L 


Vpp 


+5 


Din 


Program Verify 


V|L 


V|L 


+5 


D OUT 


Program Inhibit 


V| H 


Vpp 


+5 


High Z 



BLOCK DIAGRAM 



HlFor total compatibility from 
2732A provide a trace to pin 26 



Vcco- 
GNDO- 
Vppo- 



DATA OUTPUTS 
O0-O7 



PIN NAMES 



OE- 



Ao-Au 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0-O7 


OUTPUTS 



A0-A11 

ADDRESS 
INPUTS 







1! 


1 






1 


OE AND 
C6 LOGIC 


OUTPUT BUFFERS 




♦ 


Y 
DECODER 


YGATING 


| 


X 
DECODER 


32,768-BIT 
CELL MATRIX 















*HMOS is a patented process of Intel Corporation. 
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PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming 
Instructions Section. 



Absolute Maximum Ratings* 

Temperature Under Bias -10°Cto +80 °C 

Storage Temperature -65°Cto +125°C 

All Input or Output Voltages with 

Respect to Ground +6Vto -0.3V 

V PP Supply Voltage with Respect to Ground 

During Programming + 22V to -0.3V 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



DC and AC Operating Conditions During Read 





2732A 


2732A2 


2732A3 


Operating Temperature Range 


0°C — 70°C 


0°C — 70°C 


0°C-70°C 


V cc Power Supply 


5V±5% 


5V±5% 


5V±5% 



READ OPERATION 

D.C. and Operating Characteristics 



Symbol 


Parameter 


Limits 


Unit 




Min. 


Typ.ni 


Max. 


Conditions 


"lL 


Input Load Current 






10 


mA 


V, N = 5.25V 


»LO 


Output Leakage Current 






10 


ma 


V 0UT = 5.25V 


•cci 


V C c Current (Standby) 






35 


mA 


CE = V, H , OE = V, L 


'CC2 


V C c Current (Active) 






150 


mA 


OE = CE = V, L 


V| L 


Input Low Voltage 


-0.1 




0.8 


V 




V| H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






0.45 


V 


l 0L = 2.1mA 


Voh 


Output High Voltage 


2.4 






V 


I O h=-400 m A 



NOTES: 1. Typical values are for T A = 25°C and nominal supply voltages. 
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A.C. Characteristics 



Symbol 


Parameter 


2732A Limits 


2732A-2 Limits 


2732A-3 Limits 


Unit 


Test 


Min 


TypN Max 


Min 


TypM Max 


Min 


TypM Max 


Conditions 


*ACC 


Address to Output Delay 


250 


200 


300 


ns 


CE = OE = V| L 


t C E 


CE to Output Delay 


250 


200 


300 


ns 


OE = V, L 


t E 


Output Enable to Output 
Delay 


10 


100 


10 


70 


10 


150 


ns 


CE = V IL 


tDF 


Output Enable High to Output 
Float 





90 





60 





130 


ns 


CE = V, L 


toH 


Output Hold from Addresses, 
CE or OE Whichever Occurred 
First 











ns 


CE = OE = V, L 



CAPACITANCE Ml T A =25°c,f=iMHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


ClN1 


Input Capacitance 
Except OE/Vpp 


4 


6 


PF 


Vin = ov 


ClN2 


OE/Vpp Input 
Capacitance 




20 


PF 


Vin = ov 


GOUT 


Output Capacitance 




12 


PF 


VOUT = 0V 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and Cl = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A. C Waveforms 



ADDRESSES 



X 



ADDRESSES 
VALID 



\ 



*CE 



\ 



— t 0E [31 — 



tACC®l 



<M 



X 



tOH- 



/ 




VALID OUTPUT 




tDF 141 



NOTE: 1. Typical values are for T A = 25°C and nominal supply voltages. 

2. This parameter is only sampled and is not 100% tested. 

3. Ol may be delayed up to t ACC — t 0E after the falling edge of CE without impact on t ACC . 

4. t DF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING^ 

D.C. PROGRAMMING CHARACTERISTICS: T A = 25±5°C, V CC = 5V±5%, V PP = 21V±0.5V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


»u 


Input Current (All Inputs) 






10 


^ 


V| N = V| L orV, H 


Vol 


Output Low Voltage During Verify 






0.45 


V 


l 0L =2.1 mA 


Voh 


Output High Voltage During Verify 


2.4 






V 


l 0H = -400|4A 


•cc 


V cc Supply Current 




85 


150 


mA 




V|L 


Input Low Level (All Inputs) 


-0.1 




0.8 


V 




V,H 


Input High Level (All Inputs Except OE/V PP ) 


2.0 




Vcc+1 


V 




Ipp 


V PP Supply Current 






30 


mA 


CE = V, L) OE = V PP 



A.C. PROGRAMMING CHARACTERISTICS: T A = 25±5°C, V CC = 5V±5%, V PP = 21V±0.5V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions * 


tAS 


Address Setup Time 


2 






MS 




tOES 


0E Setup Time 


2 






MS 




*DS 


Data Setup Time 


2 






MS 




tAH 


Address Hold Time 









MS 




*OEH 


OE Hold Time 


2 






MS 




*DH 


Data Hold Time 


2 






MS 




tDF 


Chip Enable to Output Float Delay 







130 


ns 




*DV 


Data Valid fromUE 






1 


MS 


Ce = V| L ,UE=v, l 


t PW 


CE Pulse Width During Programming 


45 


50 


55 


ms 




tpRT 


01 Pulse Rise Time During Programming 


50 






ns 




*VR 


V PP Recovery Time 


2 






MS 





NOTE: 1. When programming the 2723A, a 0.1 )iF capacitor is required across OE/V PP and ground to suppress spurious voltage transients which may 
damage the device. 

* A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20ns 

Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2V 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 2732A are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). 
It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 2732A in 
approximately 3 years, while it would take approximately 
1 week to cause erasure when exposed to direct sun- 
light. If the 2732A is to be exposed to these types of light- 
ing conditions for extended periods of time, opaque 
labels are available from Intel which should be placed 
over the 2732A window to prevent unintentional erasure. 

The recommended erasure procedure for the 2732A is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm 2 . The erasure time with this 
dosage is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000|L(W/cm 2 power rating. The 
2732A should be placed within 1 inch of the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 



DEVICE OPERATION 

The five modes of operation of the 2732A are listed in 
Table 1. A single 5V power supply is requiredjn the read 
mode. All inputs are TTL levels except for OE/V PP during 
programming. In the program mode the~OE/V PP input is 
pulsed from a TTL level to 21V. 



TABLE 1. Mode Selection 



MODE^^^^^ 


CE 
(18) 


OE/Vpp 
(20) 


v C c 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V|L 


+5 


D OUT 


Standby 


V| H 


Don't Care 


+5 


HighZ 


Program 


V| L 


v PP 


+ 5 


D| N 


Program Verify 


V|L 


Vil 


+5 


D OUT 


Program Inhibit 


V| H 


v PP 


+5 


HighZ 



Read Mode 

The 2732A has two control functions, both of which must 
be logically satisfiedjn order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and^ should 
be used for device selection. Output Enable (OE) is the 
output control and should be used to gate data to the 
output pins, independent of device selection. Assuming 
that addresses are stable, address access time (t ACC ) is 
equal to the delay from CE to output (t CE ). Data_is 
available at the_outputs after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least t ACC — t 0E . 



Standby Mode 

The 2732A has a standby mode which reduces the active 
power current by 75%, from 150mA to 35mA. The 2732A 
is placed in the_ standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out- 
puts are in a high impedance state, independent of the 
OE input. 

Output OR-Tieing 

Because EPROMs are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accomodates this use of multiple memory connection. 
The two line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is 
recommended that CE (pin 18) be decoded and used as 
the primary device selecting function, while OE (pin 20) 
be made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a 
particular memory device. 

PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Programming is the same as Intel's 450ns 2732 except 
for the programming voltage. In the program mode the 
2732A OE/V PP input is pulsed from a TTL low level to 21V 
(25V for the 2732). Exceeding 21.5V will damage the 
2732A. 

Initially, and after each erasure, all bits of the 2732A are 
in the "1" state. Data is introduced by selectively pro- 
gramming "0's" into the desired bit locations. Although 
only "0's" will be programmed, both "1's" and "0's" can 
be present in the data word. The only way to change a 
"0" to a "1" is by ultraviolet light erasure. 

The 2732A is in the programming mode when the~OE/V PP 
input is at 21V. It is required that a 0.1 mF capacitor be 
placed across OE/V PP and ground to suppress spurious 
voltage transients which may damage the device. The 
data to be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for the address and 
data inputs are TTL. 

When the address and data are stable, a 50msec, active 
low, TTL program pulse is applied to the CE input. A pro- 
gram pulse must be applied at each address location to 
be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55msec. The 
2732 A must not be programmed with a DC signal applied 
to the CE input. 

Programming of mulitple 2732As in parallel with the 
same data can be easily accomplished due to the simpli- 
city of the programming requirements. Like inputs of the 
paralleled 2732As may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 2732As. 
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2732A 

Program Inhibit Program Verify 

Programming of mulitple 2732As in parallel with _d[ffer- A verify should be performed on the programmed bits to 

ent data is also easilyaocomplished. Except for CE, all determine that they were correctly programmed. The 

like inputs (including OE) of the parallel 2732As may be verify is accomplished with OE/V PP and CE at V^. Data 

common. A TTL level program pulse applied to a 2732A's should be verified t DV after the falling edge of GE. 
CE input with OE/V PP at 21V will program that 2732A. A 
high level CE input inhibits the other 2732As from being 
programmed. 
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2764 
(8K x 8) UV ERASABLE PROM 



■ 200 ns (2764-2) Maximum Access 
Time . . . HMOS*-E Technology 

■ Compatible to High Speed 8mHz 
8086-2 MPU . . . Zero WAIT State 

■ Two Line Control 



■ Pin Compatible to 2732A EPROM 

■ Industry Standard Pinout . . . JEDEC 
Approved 

■ Low Active Current.. .100m A Max. 



The Intel® 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 
standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to high 
performance microprocessors, such as Intel's 8mHz 8086-2. In these systems, the 2764 allows the microprocessor to operate 
without the addition of WAIT. states. 

An important 2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The^E 
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 describes the 
microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is available from Intel's 
Literature Department. 

The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current is 1 50mA 
while the standby current is only 50mA. The standby mode is achieved by applying a TTL-high signal to the CE input. 

The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 
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2764 




2732A 


PIN CONFIGURATION 


PIN CONFIGURATION 


VppQ 


1 ^^ 28 


3vcc 




a 12 [: 

A7C 




Upgm 
~2 N.c.m 


A 7 C 


i ^ u 


DVcc 


3 26 


AeC 


2 23 


DA* 


AeC 


4 25 


13 A8 


A5C 


3 22 


D A 9 


A5d 


5 24 


I]A9 


A4C 


4 21 


D A „ 


A4C 


6 23 


DA,i 


A3C 


5 20 


UOE/Vpp 


A3d 


7 22 


Doe 


A 2 C 


6 19 


Da 10 


A2C 


8 21 


Haio . 


A iC 


7 18 


Del 


Aid 


9 20 


HCE 


A oC 


8 17 


307 


AoC 


10 19 


D07 


OoC 


9 16 


Do 6 


OoC 


11 18 


I] 06 


o,C 


10 15 


Do* 


01 C 


12 17 


I]°5 


o 2 c 


11 14 


13 o 4 


02 C 


13 16 


3 O4 


gndC 


12 13 


Do 3 


GNDd 


14 15 


13 03 





MODE SELECTION 






CE 
(20) 


OE 
(22) 


PGM 
(27) 


Vp P 
(D 


Vcc 
(28) 


Outputs 
(11-13, 15-19) 


Read 


V,L 


V,L 


V,H 


Vcc 


V C c 


Dout 


Standby 


V, H 


X 


X 


Vcc 


v cc 


HighZ 


Program 


V| L 


X 


V IL 


V P p 


Vcc 


D, N 


Program Verify 


V,L 


v, L 


V,H 


Vp P 


V cc 


Dout 


Program Inhibit 


V,H 


X 


X 


V P p 


Vcc 


HighZ 



x can be either V, L or V, H 



*HMOS is a patented process of Intel Corporation. 



[1] For total compatibility and 
upgradability from the 2732A and 
ROMs provide a trace to pin 26. 



PIN NAMES 



A«rA 12 


ADDRESSES 


CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


o -o 7 


OUTPUTS 


PGM 


PROGRAM 


N.C. 


NO CONNECT 
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PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming 
Instructions Section. 

ABSOLUTE MAXIMUM RATINGS* comment 

Stresses above those listed under "Absolute Maximum Ratings" may cause 

Temperature Under Bias — 10°C to +80°C permanent damage to the device. This is a stress rating only and functional 

c . Tfimnaraturfl _«t; o r* +« xiOKop operation of the device at these or any other conditions above those 

Storage lemperaiure oooiotuou indicated in the operational sections of this specification is not implied. 

All Input Or Output Voltages With Exposure to absolute maximum rating conditions for extended periods 

Respect to Ground . .+6V to -0.6V may affect device reliability. 

Vpp Supply Voltage with Respect to Ground 
During Programming +22V to -0.6V 



D.C. and A.C. Operating Conditions During Read 










2764 


2764-2 


2764-3 


2764-4 


Operating Temperature Range 


0°C-70°C 


0°C-70°C 


0°C-70°C 


0°C-70°C 


V cc Power Supply 12 


5V± 5% 


5V ± 5% 


5V ± 5% 


5V ±5% 


Vpp Voltage 2 


Vpp = Vcc 


Vpp = Vcc 


Vpp = V cc 


v PP = v cc 



READ OPERATION 

D.C. AND OPERATING CHARACTERISTICS 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min 


Typ3 


Max 


•li 


Input Load Current 






10 


fiA 


V IN = 5.25V 


'lo 


Output Leakage Current 






10 


jLlA 


V 0UT = 5.25V 


I 2 

'PP1 


Vpp Current Read 






15 


mA 


V PP = 5.25V 


I 2 

'CC1 


Vcc Current Standby 






50 


mA 


CE = V m 


I 2 

'CC2 


V cc Current Active 




70 


150 


mA 


CE = OE = V IL 


V, L 


Input Low Voltage 


-.1 




+ .8 


V 




V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






.45 


V 


l 0L = 2.1 mA 


V 0H 


Output High Voltage 


2.4 






V 


Ioh = -400 /LtA 



NOTES: 1. V cc must be applied simultaneously or before V pp and removed simultaneously or after V PP . 

2. V pp may be connected directly to V cc except during programming. The supply current would then be the sum of l cc and l P , 

3. Typical values are for T A = 25°C and nominal supply voltages. 
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A.C. CHARACTERISTICS 



Symbol 


Parameter 


2764-2 Limits 


2764 Limits 


2764-3 Limits 


2764-4 Limits 


Unit 


Test 
Conditions 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Ucc 


Address to Output Delay 




200 




250 




300 




450 


ns 


CE=OE=V| L 


tCE 


CE-to Output Delay 




200 




250 




300 




450 


ns 


OE=V |L 


tOE 


Output Enable to Output 
Delay 


10 


70 


10 


100 


10 


150 


10 


150 


ns 


CE=V IL 


tDF 


Output Enable High to 
Output Float 





60 





90 





130 





130 


ns 


CE=V IL 


tQH 


Output Hold from Addresses, 
CE or OE Whichever Occurred 
First 






















ns 


CE=OE = V| L 



CAPACITANCE m t a = 25°c, f = iMHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


4 


6 


PF 


v tN =ov 


CqUT 


Output Capacitance 


8 


12 


pF 


v OUT =ov 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and Ci_ = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. WAVEFORMS 



X 



ADDRESSES 
VALID 



\ 



B I3L 



,13] 



m 



:k 





VALID OUTPUT 



I 



[4] 



NOTES: 1. Typical values are for T A = 25°C and nominal supply voltages. 

2. This parameter is only sampled and is not 100% tested. 

3. OE may be delayed up to t ACC - tc E after the falling edge of CE without impact on t ACC . 

4. t DF is specified from OE or CE, whichever occurs first. 
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ERASURE CHARACTERISTICS 



Standby Mode 



The erasure characteristics of the 2764 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should be 
noted that sunlight and certain types of fluorescent lamps 
have wavelengths in the 3000-4000 A range. Data show that 
constant exposure to room level fluorescent lighting could 
erase the typical 2764 in approximately 3 years, while it would 
take approximately 1 week to cause erasure when exposed to 
direct sunlight. If the 2764 is to be exposed to these types of 
lighting conditions for extended periods of time, opaque 
labels are available from Intel which should be placed over 
the 2764 window to prevent unintentional erasure. 



The recommended erasure procedure for the 2764 is expo- 
sure to shortwave ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., UV intensity X 
exposure time) for erasure should be a minimum of 15 
W-sec/cm 2 . The erasure time with this dosage is approxi- 
mately 15 to 20 minutes using an ultraviolet lamp with 12000 
/*W/cm 2 power rating. The 2764 should be placed within 1 
inch of the lamp tubes during erasure. Some lamps have a 
filter on their tubes which should be removed before erasure. 



DEVICE OPERATION 

The five modes of operation of the 2764 are listed in Table 1 . A 
single 5V power supply is required in the read mode. All 
inputs are TTL levels except for V PP . 



The 2764 has a standby mode which reduces the active 
power current from 150mA to 50mA. The 2764 is placed in 
the standby mode by applying a TTL high signal to the Ct 
input. When in standby mode, the outputs are in a high 
impedance state, independent of the OT input. 

Output OR-Tieing 

Because EPROMs are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accommo- 
dates this use of multiple memory connection. The two line 
control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will not 
occur. 

To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the primary 
device selecting function, while OE (pin 22) be made a com- 
mon connection to a!! devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 

PROGRAMMING (See Programming Instruction Section 

for Waveforms.) 

Programming is the same as Intel's 2732A except that OE/V PP 
is not multiplexed. They have separate pins. Like the 2732A, 
exceeding 21.5V will damage the 2764. 



TABLE 1. MODE SELECTION 




^^\.PINS 
MODE^-^^ 


CE 
(20) 


OE 
(22) 


PGM 
(27) 


V PP 
(1) 


"cc 
(28) 


Outputs 
(11-13, 15-19) 


Read 


v IL 


V, L 


V IH 


V cc 


Vcc 


Dout 


Standby 


V,H 


X 


X 


V cc 


V cc 


High Z 


Program 


V, L 


X 


V, L 


v PP 


V cc 


D, N 


Program Verify 


V IL 


v, L 


V,H 


v PP 


V cc 


Dout 


Program Inhibit 


V,H 


X 


X 


v PP 


v cc 


HighZ 



x can be either V, L or V, H 



READ MODE 

The 2764 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control 
and should be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that addresses are stable, 
address access time (t ACQ ) is equal to the delay from CE to 
output ( t CE )- Data is available at the outputs after the falling 
edge of OE, assuming that CE has been low and addresses 
have been stable for at least t AC c-t E. 



Initially, and after each erasure, all bits of the 2764 are in the 
"1" state. Data is introduced by selectively programming 
"0s" into the desired bit locations. Although only "0s" will be 
programmed, both "1s" and "0s" can be present in the data 
word. The only way to change a "0" to a "1 " is by ultraviolet 
light erasure. 

The 2764 is i n the p rogramming mode when V PP input is at 21 V 
and CE and PGM are both at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while V PP is kept at 21V. When the address and data are st able, 
a 50 msec, active low, TTL program pulse is applied to PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location at 
any time — either individually, sequentially, or at random. The 
program pulse has a maximum width of 55 msec. 

Programming of multiple 2764s in parallel with the same data 
can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2764s 
may be connected together when they are progra mmed with 
the same data. A low level TTL pulse applied to the PGM input 
programs the paralleled 2764s. 
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Program Inhibit Program Verify 

Programming of multiple 2764s in parallel with dif feren t data A verify should be performed on the programmed bits to 

is also easily accomplished. A high level CE or PGM input determine that they were correctly programme d. The verify is 

inhibits the o ther 2764s from being programmed. Except for accomplished with CE and OE at V, L . However, PGM is at V, H . 

CE (or PGM), all like inputs (including OE) of the parallel 

2764s may be com mon. A TTL low level pulse applied to a 

2764 CE and PGM input with V PP at 21V will program that 

2764. 
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2808/2809 
8K (1K x 8) ELECTRICALLY ERASABLE PROM 



HMOS-E *FLOTOX Cell Design 
Reliable Floating Gate Technology 

Very Fast Access Time 
—350 ns Max. — 2808 

Single Byte Erase/Write Capability 

10 ms Byte Erase/Write Time 

Chip Erase Time of 10 ms 



Conforms to JEDEC Byte-Wide Family 
Standard 

Microprocessor Compatible 
Architecture 

Low Power Dissipation 
—525 mW Max. Active Power 
—184 mW Max. Standby Power 

Erase/Write Specifications 
Guaranteed 0-70°C 



The Intel® 2808 is a 8,1 92 bit electrically erasable programmable read-only memory (E^PROM). The 2808 can be 
easily erased and reprog rammed on a byte basis. A chip erase function is also provided. The device operates from a 5-volt 
power supply in the read mode; writing and erasing are accomplished by providing a single 21-volt pulse. 

The 2808, with its very fast read access speed, is compatible with high performance microprocessors such as the 8086. 
Using the fast access speed allows zero wait operation in large system configurations. 

The electrical erase/write capability of the 2808 makes it ideal for a wide variety of applications requiring in-system, 
non-volatile erase and write. Never before has in-system alterability been possible with this combination of density, 
performance and flexibility. Any byte can be erased or written in 10 ms without affecting the data in any other byte. 
Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite all 1 K bytes to be cut by 50%. The 
2808 provides a significant increase in flexibility allowing new applications (dynamic reconfiguration, continuous calibra- 
tion) never before possible. 

The 2808 E PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system environment. A 
power down mode is also featured; in the standby mode power consumption is reduced by over 75% without increasing 
access time. The standby mode is achieved by applying a TTL-high signal to the CE input. 

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and OE. For byte 
write a selected chip (CE = TTL low) senses the 21 V Vpp pulse and automatically goes into write mode. Byte erase mode is 
identical to byte write except that data-in must be ail logic ones (TTL-high). Never before has an in-system alteration of 
non-volatile information been implemented with such simple control. 

*HMOS-E is a patented process of Intel Corporation. 
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CE 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O0O7 
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Figure 1. 2808/2809 Functional 
Block Diagram 



Figure 2. Pin Configuration 
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2816 



16K (2K x 8) ELECTRICALLY ERASABLE PROM 



■ HMOS*-E FLOTOX Cell Design 

■ Reliable Floating Gate Technology 

■ Very Fast Access Time 

— 250 ns Max. — 2816 

— 350 ns Max. — 2816-3 

■ Single Byte Erase/Write Capability 

■ 10 ms Byte Erase/Write Time 

■ Chip Erase Time of 10 ms 



Conforms to JEDEC Byte-Wide Family 
Standard 

Microprocessor Compatible 
Architecture 

Low Power Dissipation 

— 495 mW Max. Active Power 

—132 mW Max. Standby Power 

Erase/Write Specifications 
Guaranteed 0-70°C 



The Intel® 281 6 Is a 1 6,384 bit electrically erasable programmable read-only memory (E 2 PROM). The 281 6 can 
be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse. 

The 281 6, with its very fast read access speed, is compatible with high performance microprocessors such as 
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 

The electrical erase/write capability of the 2816 makes it ideal for a wide variety of applications requiring in- 
system, non-volatile erase and write. Never before has in-system alterability been possible with this combi- 
nation of density, performance and flexibility. Any byte can be erased or written in 1 ms without affecting the 
data in any other byte. Alternatively, the entire memory can be erased in 1 ms allowing the total time to rewrite 
all 2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications 
(dynamic reconfiguration, continuous calibration) never before possible. 

The 2816 E 2 PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
ove r 73% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21 V V P p pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 

*HMOS-E is a patented process of Intel Corporation. 
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Figure 1. 2816 Functional Block Diagram 



Figure 2. Pin Diagrams 
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ABSOLUTE M AXI MUM RATI NGS* "NOTICE: Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This is a 

. stress rating only and functional operation of the device at these 

Temperature Under Bias ~10 C to +80 C or any other conditions above those indicated in the operational 

Storage Temperature -65°C to +125°C sections of this specification is not implied. Exposure to absolute 

All Input or Output Voltages with maximum rating conditions for extended periods may affect 

Respect to Ground +6V to -0.3V device reliability. 

VppSupply Voltage with Respect 
to Ground During Program + 22.5V to -0.3V 

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 





2816 


2816-3 


Temperature Range 


0°C-70°C 


0°C-70°C 


V cc Power Supply f10] 


5V ± 5% 


5V ± 5% 



D.C. CHARACTERISTICS 
Read Operation 



Symbol 


Parameter 


Limits 


Units 


Conditions 


Min. 


Ty P . [1] 


Max. 


Ili 


Input Leakage Current 






10 


/uA 


V, N = 5.25V 


•lo 


Output Leakage Current 






10 


fxA 


Vqut = 5.25V 


! CC2 


Vcc Current (Active) 




40 


90 


mA 


Ol = CE = V IL 


J CC1 


V C c Current (Standby) 




15 


25 


mA 


CE = V IH 


'PP(R) 


Vpp Current (Read) 






5 


mA 


CE = V IL , V PP = 4 to 6 


V, L 


Input Low Voltage 


-0.1 




.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






45 


V 


Iol = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


Ioh = -400/xA 


Vpp 


Read Voltage 


4 




6 


V 




Write Operation 


Symbo! 


Parameter 


Limits 


Units 


Conditions 


Min. 


Typ. 


Max. 


Vpp 


Write/Erase Voltage 


20 


21 


22 


V 




! PP(W) 


Vpp Current (Write/Erase) 






15 


mA 


CE = V IL 


v 0E 


OE Voltage (Chip Erase) 


9 




15 


V 


lOE = t0 M A 


ipp(0 


Vpp Current inhibit 






5 


mA 


Vp P = 21, CE = VIH 



For footnotes see page 12. 
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A.C. CHARACTERISTICS 



Write Mode 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


Tas 


Add to V PP Set-Up Time 


150 






ns 




Tcs 


CI to V PP Set-Up Time 


150 






ns 




T D s 


Data to Vp P Set-Up Time 









ns 




T DH 


Data Hold Time 


50 






ns 


V=6V 


T WP »' 


Write Pulse Width 


9 


10 


15 


ms 




T WR 


Write Recovery Time 


50 






ns 


V=6V 


T OS 


Chip Clear Set-Up Time 









ns 


V=8V 


T 0H 


Chip Clear Hold Time 









ns 


V=8V 


TpRC 


Vp P RC Time Constant 


450 


600 


750 


flS 




T t8] 
T PFT 


Vpp Fall Time 






100 


fJLS 


V=6V 



Read Mode 



Symbol 


Parameter 


2816 Limits 


2816-3 Limits 


Unit 


Test 
Conditions 


Min. 


Typ. 111 


Max. 


Min. 


Ty P . [11 


Max 


Ucc 


Address to Output Delay 






250 






350 


ns 


CE=OE=V, L 


t CE 


UE to Output Delay 






250 






350 


ns 


OE=V IL 


t0E 


Output Enable to Output Delay 


10 




100 


10 




120 


ns 


CE=V IL 


tDF 


Output Enable High to Output 
Float 







80 







100 


ns 


CE=V IL 


*OH 


Outputjjold from Addresses, 
CE or OE Whichever Occurred 
First 
















ns 





CAPACITANCE 111 T A =25°C, f=1 MHz 



A.C. TEST CONDITIONS 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


4 


6 


PF 


V, N =0V 


C OUT 


Output Capacitance 




10 


PF 


V OU T=0V 



Output Load: 1 TTL gate and C L =100 pF 
Input Pulse Levels: .8V to 2.2V 
Timing Measurement Reference Level: 

Input 1V and 2V 

Output .8V and 2V 



For footnotes see page 12. 
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WAVEFORMS [2] 














READ MODE 


ADDRESSES V 


ADDRESSES VALID Y 






k 


) 




CE 


\ 


/ 




<*— tCE 




2 


OE 


\ 


/ 




tsi' 3 ' 


*+— — »>■ 


IDF' 4 ' 


— 


ffl 


VALID 
OUTPUT 


\\\\\ 




"*■ «ACC ** 


///// 



BYTE ERASE t6] OR WRITE 


ADDRESSES V 


: x 






-* — tcs — *■ 


[5] 

- tpRC 


twR-*- 


-<- 




CE 


\ 


V. 










<WP- — ►) 

— »-|tPFT 

\ 


V PP 




/ 




tDS— ► 






VALID 


{ 


) 









For footnotes see page 12. 
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DEVICE OPERATION 



Read Mode 



The 2816 has six modes of operation, listed in 
Table 1. All operational modes are designed to pro- 
vide maximum microprocessor compatibility and 
system consistency. The device pinout is a part of 
Intel's JEDEC approved byte wide Non-Volatile 
Memory family, allowing appropriate and cost- 
effective density and functionality upgrades. 

All control inputs are TTL compatible with the ex- 
ception of chip erase. The V PP voltage must be 
pulsed to 21 volts during write and erase, and held to 
4 to 6 volts during the other two modes. 



Table 1. Mode Selection V CC = +5V 



^\. PIN 
MODE\^ 


CE 
(18) 


OE 
(20) 


V PP 
(21) 


INPUTS/ 
OUTPUTS 


READ 


V.L 


V|L 


+4 to +6 


Dqut 


STANDBY 


V| H 


DON'T 
CARE 


+4 to +6 


HIGHZ 


BYTE ERASE 


V|L 


V| H 


+21 


D| N = V|H 


BYTE WRITE 


V, L 


V, H 


+21 


Din 


CHIP ERASE 


V|L 


+ 9 to 
+ 15V 


+21 


mi 

D|N = V| H 


E/W INHIBIT 


V| H 


DON'T 
CARE 


DON'T 
CARE 


HIGHZ 



Optimal system efficiency depends to a great extent 
on a tightly coupled microprocessor/memory inter- 
face. The E 2 PROM device should respond rapidly 
with data to allow the highest possible CPU perfor- 
mance. The 281 6 satisfies this high performance re- 
quirement because of access times typically less 
than 250 ns. Program execution directly out of elec- 
trically erasable memory has never before been pos- 
sible; the 2816 opens this new, powerful applica- 
tions segment. 



The 2816 uses Intel's proven 2-line control architec- 
ture for read operation. Figure 3 shows the timing 
disadvantages of a single-line control architecture. 
2-line control, shown in Figure 4, has been devel- 
oped by Intel to solve this bus contention and the as- 
sociated system reliability problems. Both CE and 
OE must be at logic low levels toobtain information 
from the device. Chip enable (CE) is the power con- 
trol pin and should be used for device selection. The 
output enable (OE) pin serves to gate internal data to 
the output pins. Assuming that the address inputs 
are stable, address access time (tAcc) is equal to the 
delay from CE to output (tcE)- Data is available at the 
outputs after a time delay of toE. assuming that CE 
has been low and addresses have been stable for at 
least tAcc-toE- 



Figure 5 shows a typical system interconnection. 
Here the 281 6 contains program information that the 
8086 requires for system function. 



For footnotes see page 12. 



2-27 



2816 



PRBUMONAimr 



ADDRESSES 

CE1 

DATA BUS 

CE2 

DATA BUS 

BUS 
CONTENTION 


























) 

tDECODE- 


Q ADDRESS 1 


X ADDRESS 2 




tDECODE- 




- tTURNOFF 




V 


/ 






~^ 


OUTPUTS 1 
DESELECTING 










\/ OUTPUTS 1 \/ 
A ACTIVE A 


DATA 1 VALID 


X X 


















\ 






\ 








> 


/ OUTPUTS 1 \/ 
\ ACTIVE A 


DATA 1 VALID X° ACTlJf *)( DATA 2 VALID 








xxxxx 




I OUTPUT I 

1 OVERLAP ' 



Figure 3. Single-Line Control and Bus Contention 



ADDRESSES 

CE1 

0~E(RD) 

DATA BUS 

CE2 
OE(RD) 
















) 

tDECODE- 


C 


ADDRESS 1 


X ADDRESS 2 


„ - inTr 








^ 








^ 


/ 


RD - 


\ 








\ 


/ 


-tOE- 






) 


Q 


Q DATA 1 VALID ^^ 




ACTIVE 




\ 




\ 

NO OVERLAP 



Figure 4. Two-Line Control Architecture 
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Figure 5. iAPX 86/2816 Read Architecture 



Write Mode 

The 2816 is erased and reprogrammed electrically 
rather than optically, as opposed to EPROMs which 
require UV light. The device offers dramatic flexibil- 
ity because both byte (single location) and chip 
erase are possible. 

A close examination of the broad application spec- 
trum for the E 2 device reveals an inherent need for 
single location erase capability. Program store ap- 
plications can be classified in several ways. Figure 6 
lists various storage modes and the required erase 
function. In greater than 80% of all cases, a byte 
erase feature is necessary. See AP-106 for details. 



APPLICATION TYPE 



• Strict Program Store 

• Relocatable Program Structures 
> Program Store Extension 

' Program Execution Constants 

• Program Dependent Data Store 

• Data Store Applications 



CHIP 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 



Figure 6. Microprocessor Storage Types 



To write a particular location, that byte must be 
erased prior to a data write. Erasing is accomplished 
by applying logic 1 (TTL-high) inputs to the data 
input pins, lowering CE, and applying a 21-volt pro- 
gramming signal to V P p. The OE pin must be held at 
V| H during byte erase and write operations. The pro- 
gramming pulse width must be a minimum of 9 ms, 
and a maximum of 15. The rising edge of V PP must 
conform to the RC time constant specified above. 
Once the location has been erased, the same opera- 
tion is repeated for a data write. The input pins in this 
case reflect the byte that is to be stored. 

A characteristic of all E 2 PROMs is that the total 
number of erase/write cycles is not unlimited. The 
2816 has been designed to meet applications requir- 
ing up to 1 x 10 4 erase/write cycles per byte. The 
erase/write cycling characteristic is completely byte 
independent. Adjacent bytes are not affected during 
erase/write cycling. 



Because the device is designed to be written in sys- 
tem, all data sheet specifications (including write 
and erase operations) hold over the full operating 
temperature range (0-70°C). 
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CONTROLLERS 



Controller I Description 

The Controller I interface provides the lowest cost, 
smallest P.C: board space implementation, though it 
is unable to offer the maximum CPU throughput 
capability since wait states are inserted into the 
memory cycle during the 10 ms write time. Figure 7 
shows the block diagram for this implementation. A 
timer device is provided to time 10 ms, which con- 
nects directly to the CPU READY line. When ac- 
tivated, the timer engages the V PP switch, locks the 
CPU address, data, and control bus, and writes the 
2816. After completion of the write cycle, the CPU is 
relinquished to do other tasks. Such a control appli- 
cation is appropriate when the processor can be 
dedicated to the write, such as in program store. 



Controller ii Description 

To provide a higher CPU throughput capability, the 
interface shown in Figure 8 was designed. In this 
case, all latching and timing signals are generated 
by discrete devices. The CPU simply sends a write 
operation to the interface as it would to a RAM de- 
vice. After the CPU has engaged the write sequence, 
it is free to perform other tasks not related to 2816 
control. At the completion of the write cycle, the 
interface interrupts the CPU which then vectors to 
an interrupt service routine. Controller II offers real- 
time CPU performance with a high degree of hard- 
ware overhead. 



Controller III Description 



DATA 
ADDR 



) DATA 



th~ 



~i r 



Figure 7. Controller I 



S ADDRESS - 



BUFFER 

DELAY 

=290 nsac 



\DATA 



I I 



Figure 8. Controller II 



The Controller III implementation was designed to 
provide the real-time processing capability of Con- 
troller II, without the large hardware overhead. See 
Figure 9. In this design an Intel 8155 I/O port timer 
device is used to advantage. The ports provide the 
latching of data and address during the write cycle, 
while the timer performs accurate pulsing of the V PP 
for the required duration. Much of the hardware has 
been reduced through the 8155. The interrupt 
structure of Controller II is used as well. Read ac- 
cess is very fast despite a multiplexer and a buffer 
delay. 



Controller IV Description 

Data store applications were in mind for the Con- 
troller IV design shown in Figure 10. In this case, 



CTRLEN, OE, V.. 



SWITCH 



READ 

ACCESS 

= 250ntec 

PLUS 

8286 

BUFFER 

DELAY 

=290 nsec 



\DATA 



\ CONTROL 



Figure 9. Controller III 
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OE, V», CTRLEN 



PLUS 

SYSTEM 

OVERHEAD 



} ADDRESS 



) DATA 



Figure 10. Controller IV 

read access was not a concern, though write erase 
access and hardware overhead were exceptionally 
important. This controller takes the 281 6 completely 
off-line for both read and write operations. The write 
cycle is accomplished in the same way as in Con- 
troller III. Reading, however, is accomplished 
through several I/O operations. 

Chip Erase Mode 

Should one wish to erase the entire 2816 array at 
once, the device offers a chip erase function. When 
the chip erase function is performed all 2K bytes are 
returned to a logic 1 (FF) state. 

The 2816's chip erase function is engaged when the 
output enable (OE) pin is raised above 9 volts. When 
OE is greater than 9 volts and CE and V PP are in the 
normal write mode, the entire array is erased. This 
chip erase function takes approximately 10 ms. The 
data input pins must be held to a TTL high level 
during this time. Figure 11 is a recommended OE 
control switch. 

V PP Pulse 

The shape of the V PP pulse is important in ensuring 
long term reliability and operating characteristics. 
V PP must rise to 21V through an RC waveform 
(exponential). The T PPt c specification has been de- 
signed to accommodate changes of RC due to tem- 
perature variations. 

Figure 12a shows a recommended V PP switch de- 
sign, useful where programming will occur over the 
specified temperature and operating voltage condi- 
tions. Figure 1 2b is a simpler implementation which 
is suitable for room temperature operation. 



The write pulse width, T WP , was designed to provide 
optimum reliability characteristics. 




Figure 11. Z51 Chip Erase Control 




Figure 12a. Operational Amplifier V PP Switch 
Design 




Figure 12b. Darlington Implementation 
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Applications 

The 281 6 E 2 PROM is a new and powerful addition to 
the non-volatile family. It offers a high degree of 
RAM-like flexibility while retaining the non-volatile 
characteristics of ROM. 

Because of these device parameters, the device is 
ideal for new and future designs as well as a re- 
placement for existing ROM devices. Some of these 
potential uses are listed below: 

1. Calibration constants storage (continuous 
calibration). 

2. Software alterable control stores (dynamic 
reconfiguration). 

3. Remote communications programming. 

4. PC and NC Industrial Applications. 

5. CRT terminal configuration and custom graphic 
and font sets. 

6. Military replacements for core memory and 
fuse-link PROMs. 

7. Point of sale terminals. 

8. Remote alterable look-up tables. 

9. Printer and communications controllers. 
10. Remote data gathering. 

Because of these device attributes, applications 
never before possible can now be realized in high 
performance, consistent microprocessing systems. 

Figures 13, 14, 15, and 16 are block diagrams of 
some typical applications. These applications are 
explained as follows: 



AID i 
D/fi 



JL 



sr O ~ <X> 



ITU 



SERIAL 
I/O 
LINK 



i£ 



11 



Figure 14. Continuous Self-Calibration 
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Figure 15. CRT Terminal 
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Figure 13. Dynamic Reconfiguration 



10DIGIT UNIT PRODUCT 

UNIVERSAL PRICE DESCRIPTION 
PRODUCT (2 bytes) (15 bytes) 
CODE 



i£ 



4 



yr '••; i code i / 

^T^ <5 bytes) J ^ 



^>: 



SERIAL I/O 

COMMUNICATION 

INTERFACE 



U 



H 



» 



























E 2 PROM 
LOOKUP TABLE 


I I 


I 



Figure 16. POS Terminal 
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DYNAMIC RECONFIGURATION 

The ability of a computer system to alter its operat- 
ing software while running is now possible with the 
2816. The system can monitor external factors, as 
well as change loop constants, subroutines and 
other software features in real-time. Figure 13 illus- 
trates this optimal performance. In memory systems, 
the 2816 can be used to map around hard memory 
failures in real-time, allowing self-healing memory 
systems. Such a self-correcting mechanism extends 
the operating time and reduces service costs to the 
end user. 



CONTINUOUS SELF-CALIBRATION 

A high cost of machine service and downtime is due 
to instrument calibration and readjustments. Use of 
the 2816 and microprocessor based instruments to 
contain calibration constants allows features never 
before possible. See Figure 14. The instrument can 
now continuously calibrate itself, without expensive 
downtime in service interaction. The 2816 allows 
this flexibility and reduction of service costs. 

CRT TERMINAL 

Custom fonts, graphics characters, and individual 
configurations can all benefit from the features of 
the 2816. A CRT terminal, shown in Figure 15, can 
now be enhanced by using the E 2 as a replacement 
for jumpers and dip switches. It can also be used as a 
programmable character generator, and in graphics 
configuration. 



POINT OF SALE TERMINAL 

Using the 2816 to contain non-volatile price and 
product descriptions, as shown in Figure 16, is an 
ideal application in point of sale terminals. With the 
ability of the 2816 to be altered in-system comes the 
capability to remotely (over telephone lines) config- 
ure the look up table from a central data base com- 
puter. The non-volatility of the 281 6 is used to advan- 
tage as the data store remains intact after power is 
removed from the system. 
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Figure 17. JEDEC 28 Pin Site Byte-Wide 
Philosophy 



Available Literature 

To give the system designer an opportunity to more 
thoroughly understand the device attributes and 
uses, a library of E 2 information is available. The 
following list is a brief synopsis: 



AP 101— The 2816 Electrical Description 

AP 102 — 2816 Microprocessor Interface 
Considerations 

AP 104 — Extending E 2 Endurance — Software 
Techniques 

AP 105 — Microprocessor Interface — Competi- 
tive System Comparisons 

AP 106—2816 Byte Erase — Architecture 
Implications 

AP107 — Hardware and Software Download 
Techniques with 2816 



Pin Compatibility 

The 2816 pinout has been designed for compatibil- 
ity with present and future memory products. The 
E PROM is a member of Intel's JEDEC standard 
Byte-Wide memory family which allows density up- 
grades, functional interchange, and extended prod- 
uct life. Figure 17 shows this JEDEC 28 pin site 
pinout approach. 



E Users Manual 
E 2 Applications Handbook 
E 2 Demo Unit Users Guide 



To obtain this literature contact your local Field 
Sales office. In addition, your Field Applications En- 
gineer can discuss with you the controller interfaces 
for different MPU system configurations. 
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Standby Mode 

The 2816 has a standby mode which reduces active 
power dissipation by 67% from 495 mW to 165 mW. 
The 2816 is placed in the standby mode by applying 
a TTL high signal to the CE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Output OR-TIEING 

Because 2816s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The 2-line control function allows low 
power dissipation (by deselecting unused devices), 
and the removal of bus contention from the system 
environment. 

To most effectively use these two control lines, it is 
recommended that CE (pin 18) be decoded from 
addresses as the primary device selection function. 
OE (pin 20) should be made a common connection 
to all devices in system, and connected to the RD 
line from the system control bus. This assures that 
all deselected memory devices are in their low 



power standby mode and that the output pins are 
only active when data is desired from a particular 
memory device. 



NOTES 

1. This parameter is only sampled and not 100% tested. 

2. All times shown in parentheses are minimum times and are 
nsec unless otherwise specified. 

3. OE may be delayed up to 230 ns after falling edge of CE with- 
out impact on t^cc f° r 2816-3. 

4. tpF is specified from OE or CE whichever occurs first. 

5. The rising edge of Vpp must follow an exponential waveform. 
That waveform's time constant is specified as tpRc- See In- 
tel's AP-1 02 for details. 

6. Prior to a data write, an erase operation must be performed. 
For erase, data in =. Vih- 

7. In the chip erase mode Din = V| H . 

8. To allow immediate read verify capability, V PP can be driven 
low in less than 50 ns. See AP-101 for more information. 

9. Adherence to TWP specification is important to device 
reliability. 

10. To prevent spurious device erasure or write, Vcc must De 
applied simultaneously or before 21 volt application of Vp P . 
Vpp cannot be driven to 21 volts without previously applying 
Vcc- 

1 1 . The data in set up and hold times for chip erase are identical 
to those specified for byte erase. 
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3205 3404 

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 

3404 HIGH SPEED 6-BIT LATCH 



18ns Max. Delay Over 0°C to 75° C 
Temperature: 3205 
12ns Max. Data to Output Delay 
Over 0°Cto75°C 
Temperature: 3404 

Directly Compatible With DTL and 
TTL Logic Circuits 
Totem-Pole Output 



■ Low Input Load Current: .25mA Max., 
1/6 Standard TTL input Load 

■ Minimum Line Reflection: Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10mA Min. 

■ 16-Pin Dual In-Line Package 

■ Simple Expansion: Enable Inputs 



3205 

The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes "low", thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 
speed inverters when the "Write" input is "low". 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0°C to +75° C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 



PIN CONFIGURATION 



3205 



1/8 BINARY 
DECODER 



=30, 
3 2 
30 3 

3 4 



= °5 

o 6 



3404 
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rJSh 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias: Ceramic 


-65°Cto+125°C 


Plastic 


-65°C to +75°C 


Storage Temperature 


-65°C to+160°C 


All Output or Supply Voltages 


^-0.5 to +7 Volts 


All Input Voltages 


-1.0 to +5.5 Volts 


Output Currents 


125mA 



'COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS 

3205, 3404 



T A = 0°C to +75°C, V cc = 5.0V ±5% 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


'f 


INPUT LOAD CURRENT 




-0.25 


mA 


V cc = 5.25V, V F = 0.45V 


■r 


INPUT LEAKAGE CURRENT 




10 


uA 


V cc = 5.25V, V R = 5.25V 


v c 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V cc = 4.75V, l c = -5.0 mA 


V OL 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


V CC =4 - 75V ' ' L = 10 - 0mA 


V OH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


V cc = 4.75V, l 0H = -1.5 mA 


V 


INPUT "LOW" VOLTAGE 




0.85 


V 


V CC = 50V 


V ,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


V CC = 5 - 0V 


'sc 


OUTPUT HIGH SHORT 
CiRCUiT CURRENT 


-40 


-120 


mA 


V cc = 5.0V. V , T = 0V 


v ox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V cc = 5.0V, l ox = 40 mA 



3205 ONLY 



'cc 


POWER SUPPLY CURRENT 




70 


mA 


V cc = 5.25V, Outputs Open 



3404 ONLY 



'cc 


POWER SUPPLY CURRENT 




75 


mA 


V C c = 5.25V, Outputs Open 


! FW1 


WRITE ENABLE LOAD CURRENT 
PIN 7 




-1.00 


mA 


V CC =5.25V,V W =0.45V 


! FW2 


WRITE ENABLE LOAD CURRENT 
"PIN 15 




-0.50 


mA 


V CC =5.25V,V W =0.45V 


'rw 


WRITE ENABLE LEAKAGE CURRENT 




10 


uA 


V R =5.25V 



TYPICAL CHARACTERISTICS 
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3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
SWITCHING CHARACTERISTICS 



CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1V and 2V 

Measurements are made at 1 .5V 



TEST LOAD: 






£LUiX2_D 



All Transistors 2N2369 or Equivalent. C L = 30 pF 



TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE 



/ 



\ 



I 



A.C. CHARACTERISTICS T A = 0°C to +75°C, V cc = 5.0V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t++ 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_+ 


18 


ns 




t + _ 


18 


ns 




t 


18 


ns 




C < r ' 
U IN 


INPUT CAPACITANCE P3205 


4(typ.) 


pF 


f = 1 MHz, V CC = OV 
Vb!AS=2.0V.T a = 25°C 


C3205 


5(typ.) 


PF 



1. .This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 







v cc = 50V 










15 


T A=2 


5°C 


, K -'*> 


**' ^ 


O 

< > 
z < 


g2 




^^- 


t- + 




£ t- 

go 
< 


10 
5 
















t ++ - — - — "" 



















v cc = 
c L = 


5.0 V 
30 pF 




t-.t__ 






t_ + ' 












t +t 

















25 50 

AMBIENT TEMPERATURE (°C) 
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3205, 3404 



3404 6-BIT LATCH 

SWITCHING CHARACTERISTICS 

CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1V and 2V 

Measurements are made at 1.5V 



TEST LOAD: 






£m^ 




All Transistors 2N2369 or Equivalent. C L = 30pF 



MEASUREMENT FOR DATA DELAY 



TEST WAVEFORMS 



DATA 
INPUT 



WRITE 
ENABLE 



£1 

LD r^~ 



x: 



NOTE 1 : Output Data is valid after t + _, 



MEASUREMENT FOR WRITE ENABLE DELAY 



DATA 
INPUT 



WRITE 
ENABLE 



~\ 




NOTE 2: Output Data is valid after t 



A.C. CHARACTERISTICS T A = 0°C to +75°C, V cc = 5.0V ±5%; unless otherwise specified. 


SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


t+_,t__+ 


DATA TO OUTPUT DELAY 






12 


ns 




t__,t_+ 


WRITE ENABLE TO OUTPUT DELAY 






17 


ns 




l SET UP 


TIME DATA MUST BE PRESENT BEFORE 
RISING EDGE OF WRITE ENABLE 


12 






ns 




^OLD 


TIME DATA MUST REMAIN AFTER 
RISING EDGE OF WRITE ENABLE 


8 






ns 




t WP 


WRITE ENABLE PULSE WIDTH 1 


15 






ns 




C| ND (3) 


DATA INPUT CAPACITANCE P3404 




4 




pF 


f = 1 MHz, V CC = 0V 
VBIAS = 2.0V,T A =25°C 


C3404 




5 




pF 


C, NW (3) 


WRITE ENABLE CAPACITANCE P3404 




7 




pF 


f - 1 MHz, V CC = 0V 
V BIAS =2.0V,T A = 25°C 


C3404 




8 




pF 



NOTE 3: This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 

DATA INPUT, WRITE ENABLE 

TO OUTPUT DE LA Y VS. 

LOAD CAPACITANCE 



DATA INPUT, WRITE ENABLE 

TO OUTPUT DELAY VS. 

AMBIENT TEMPERATURE 



WRITE ENABLE PULSE WIDTH 
VS. LOAD CAPACITANCE 




<> 15 

52 




I 
V cc = 5.0V 
C L = 30 pF 

I 


WR 


ITE ENABLE t_ 


- 


3°; 10 

l-*3 

20 








DATAC 


IR WRITE ENAB 


LEt_ + 


< h- 




DATA t+_ 




<i b 

Q Z 













V CC 
T A = 


= 5.0V 
25° C 



























100 200 300 

LOAD CAPACITANCE (pF) 



AMBIENT TEMPERATURE <°C) 



100 200 300 

LOAD CAPACITANCE (pF) 
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3242 

ADDRESS MULTIPLEXER AND REFRESH 

COUNTER FOR 16K DYNAMIC RAMs 



Ideal For 2116 

Simplifies System Design 

Reduces Package Count 

Standard 28-Pin DIP 

Suitable For Either Distributed 
Or Burst Refresh 



Single Power Supply: 
+5 Volts ±10% 

Address Input to Output Delay: 
9ns Driving 15 pF, 
25ns Driving 250pF 



The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 

The 3242 operates from a single +5 volt power supply and is specified for operation over a to +75° C ambient temperature 
range. It is fabricated by means of Intel's highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28 
pin Type D package. 



PIN CONFIGURATION 



LOGIC DIAGRAM 



COUNT [[ 1 
REFRESH ENABLE C 2 
ROW ENABLE C 3 
N.C.C 4 
A lC 5 
A 8 C 6 
A 2 C 7 
A 9 C 8 
A„C 9 
A 7 C 11 

%C 1 
°1 C 1 

gndQ 1- 



28 DV CC 
27 I]A e 
26 J A 13 
25 I]A 5 
24 I]A 12 
23 Da 4 
22 ^A 1n 
21 DA 3 
20 I] A 10 

lO v 

18 13 63 

17 Do; 

16 IJOg 

15 Zl ZER0 DETECT 



NOTE: A THROUGH A 6 ARE ROW ADDRESSES. 

A 7 THROUGH A 13 ARE COLUMN ADDRESSES. 

TRUTH TABLE AND DEFINITIONS: 



REFRESH 
ENABLE 


ROW 
ENABLE 


OUTPUT 


H 


X 


REFRESH ADDRESS 

(FROM INTERNAL COUNTER) 


L 


H 


ROW ADDRESS 
(A„ THROUGH A 6 ) 


L 


L 


COLUMN ADDRESS 
(A 7 THROUGH A 13 ) 




COUNT - ADV ANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT - INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 
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PIN NAMES AND FUNCTIONS 
Pin Pin 



No. 



Name 



Function 



Active low input increments internal 7- 
bit counter by one for each count pulse 
in. 

Active high input which determines 
whether the 3242 is in refresh mode (H) 
or address enable (L). 

Row address inputs. 

Column address inputs. 

Address outputs to memories. Inverted 
with respect to address inputs. 

Power supply ground. 

Active low output which senses that the 
six low order bits of refresh address in 
the counter are zero. Can be used in the 
burst mode to sense refresh completion. 

High input selects row, low input selects 
column addresses of the driven memo- 
ries. 

+5V power supply input. 

*T*he inputs are high impedance, TTL compatible, and suitable for bus 
operation. 



1 


Count 




Input* 


2 


Refresh 




Enable 




Input* 


9,5,7,21, 
23,25,27 


A -A 6 
Inputs* 


10,6,8,20, 
22,24,26 


A7-A13 
Inputs* 


11,13,12, 
18,17,16, 
19 


O -O 6 
Outputs 


14 


GND 


15 


Zero 



28 



Detect 
Output 

Row 

Enable 

Input* 

Vcc 



PPVICE OPERATION 

The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: 

1. Row, Column and Refresh Address multiplexing. 

2. Address Counting for burst or distributed refresh. 

These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 

1. Refresh addresses (from internal counter). 



2. Row addresses (A through Ae). 

3. Column addresses (A7 through A13). 

Burst Refresh Mode 

When refresh is requested, the refresh enable input is high. 
This input is ANDed with th e seven outputs of the internal 
7-bit counter. At each Count pyjse the counter increments by 
one, sequencing the outputs (Oo— Oq) through 128 row ad- 
dresses. When the first six signif i cant b its of the counter 
sequence to all zeros,, the Zero Detect output goes low, 
signaling the end o f the refresh sequence. Due to counter de- 
coding spikes, the Zero Detect output is val id only after tcz 
following the low-going edge of Count. The Zero Detect out- 
put used in this manner signals the completion of 64 refresh 
cycles. To use the 128-cycle burst refresh mode, an external 
flip-flop must be driven by the Zero Detect. 

Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for refresh 
each ^refresh/") ^ me where n = number of refresh cycles 
required for the device and tREFRESH ' s tne specified refresh 
rate for the device. For the 21 16 tREFRESH = 2 msec and n = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
jusec, r espectively. Following the refresh cycle at row n x , the 
Count input is pulsed, advancing the refresh address by one 
row so th at the next refresh cycle will be performed on row 
n x+ <|. The Count input may be pulsed following each refresh 
cycle or within the refresh cycle after the specified memory 
device address hold time. 

Row and Column Address 

All 14 system address lines are applied to the inputs of the 
3242. When Refresh Enable is low and Row Enable is high, 
input addresses An— Ag are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is low 
(with Refresh Enable still low), input addresses A7— A13 are 
gated to the outputs and applied to the driven memories. 
Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem- 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem- 
bered when checking out the memory system. 















A 6 






A 13 -> 


3242 


6 A 6 


2116 




2116 


2116 




I 

i 
I 


I 
Oo I A 


1 

1 
1 

1 Ao 


I 
I 
I 
| Ao 




Ao > 






1. 




REFRESH . 








I 

ZERO DE 


TECT 




ENABLE/" 
ROW 
















ENABLE ' 








F 


jgure 1 


. Typical Connectio 


n of 3242 i 


md211 


6 Memorie 
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Absolute Maximum Ratings* 

Temperature Under Bias -10° to +85° C 

Storage Temperature -65° to +1 50° C 

All Input, Output, or 

Supply Voltages -0.5V to +7 Volts 

Output Currents 1 00mA 

Power Dissipation 1W 



'COMMENT: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. and Operating Characteristics 

All Limits Apply for V cc = 5.0V ±10%, T A = 0°C to + 75° C 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.O) 


MAX. 


If 


Input Load Current 




-0.04 


-0.25 


mA 


Vin = 0.45V, Note 2 


Ir 


Input Leakage Current 




0.01 


10 


mA 


Vin^Vcc 


V, H 


Input High Voltage 


2.0 






V 




V, L 


Input Low Voltage 






0.8 


V 




Vol 


Output Low Voltage 




0.25 


0.40 


V 


Iol = 8mA 


Voh 


Output High Voltage (O -O 6 ) 


3.0 


4.0 




V 


Ioh = -1mA 


VoHl 


Output High Voltage 
(Zero Detect) 


2.4 


3.3 




V 


I oh = -1mA 


Ice 


Power Supply Current 




105 


165 


mA 


Vcc = 5.5V 



Notes: 1. Typical values are for T/\ = 25° C and Vqc = 5.0V. 

2. Inputs are high impedance, TTL compatible, and suitable for bus operation. 



Packaging Information 



28 LEAD HERMETIC DUAL IN-LINE PACKAGE 
TYPED 



1.470 (37.338) 



.530 (13.462) 
.510 (12.954) 




SEATING MAX 
PLANE .100£ (2540) j 



.625 

- MAX. - 

(15.875) 



.015 (0.381) 
.008 (0.203)8 

___:Z00 J 

.600 H 



(17.78) 
(15.24) 
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A.C. Characteristics 

All Limits Apply for Vcc = +5.0V ±10%, T A = 0°C to 75°C, Load = 1 TTL, C L = 250pF, Unless Otherwise Specified. 



SYMBOL 


PARAMETER 


MIN. 


TYP.d) 


MAX. 


UNIT 


CONDITIONS 


tAO 


Address Input to Output Delay 




6 


9 


ns 


Refresh Enable = Low (2){3) 


tAOl 


Address Input to Output Delay 




16 


25 


ns 


Refresh Enable = Low 


too 


Row Enable to Output Delay 


7 


12 


27 


ns 


Refresh Enable = Low (2,(3) 


tooi 


Row Enable to Output Delay 


12 


28 


41 


ns 


Refresh Enable = Low 


tEO 


Refresh Enable to Output Delay 


7 


14 


27 


ns 


Notes 2, 3, 4 


tEO. 


Refresh Enable to Output Delay 


12 


30 


45 


ns 


Note 4 


tco 


Count to Output 


15 


40 


60 


ns 


Refresh Enable = High < 2,(3) 


tcoi 


Count to Output 


20 


55 


80 


ns 


Refresh Enable = High< 4 > 


fc 


Counting Frequency 






5 


MHz 


Note 4 


tcpw 


Count Pulse Width 


35 






ns 


Note 4 


tcz 


Count to Zero Detect 


15 




70 


ns 


Notes 3, 4 



Notes: 1. Typical values are for T/\ = 25° C and Vqq = 5.0V. 

2. Ta = 25°C, Vqc = 5.0V. 

3. C L =15pF. 

A.C. TIMING WAVEFORMS (Typically used with 2116) 



4. The Count pulse must remain in a steady state for at least 150ns 
before and after the rising edge of the refresh enable pulse. 



NORMAL CYCLE 



ROW ENABLE 



/ 



* 



DON'T CARE 



3 



2.4V 
0.8V 



\ 



ROW ADDRESS 



11 



COLUMN ADDRESS 



REFRESH 
ENABLE 



REFRESH CYCLE 



REFRESH 
ENABLE 



f 




REFRESH ADDRESS 






\ 



REFRESH ADDRESS 



z 



\ 1-5> 
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3628A 
8K (1K x 8) BIPOLAR PROM 



3628A-1 


50ns Max. 


3628A-3 


70ns Max. 


3628A-4 


90ns Max. 



■ Fast Access Time: 50ns for 3628A-1 

■ Low Power Dissipation: 0.08m W/Bit 
Typically 

■ Four Chip Select Inputs for Easy 
Memory Expansion 



Three-State Outputs 
Hermetic 24-Pin DIP 
Polycrystalline Silicon Fuses for 
Higher Fuse Reliability/Higher 
Programmability 

±10% Power Supply Tolerances 



The Intel® 3628A is a fully decoded 8192-bit PROM organized as 1024 words by 8 bits. The worst case access 
time of 50ns is specified over the 0°C to 75°C temperature range and 10% V cc power supply tolerances. There 
are four chip selects provided to facilitate expansion into larger PROM arrays. It uses Schottky clamped TTL 
technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electri- 
cally programmed in selected bit locations. 

The 3628A supersedes the 3628 high-density PROM. This 81 92-bit PROM uses the most advanced technology 
available. As a result the 3628A combines higher performance and lower power in a smaller die than the 3628. 
The 3628A is packaged in a hermetic 24-pin dual in-line package with the exact pin configuration as the 3628. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



LOGIC SYMBOL 



A 7 C 


1 


■^ 24 


A 6 C 


2 


23 


A5C 


3 


22 


A 4 C 


4 


21 


a 3 L" 


5 


20 


A 2 C 


6 


19 


A,C 


7 


18 


(LSB)A C 


8 


17 


(LSB) O, C 


9 


16 


92 C 


10 


15 


O3C 


11 


14 


gndL" 


12 


13 



3v cc 
Ha 8 

U A 9 (MSB) 
HCSt 

3cs 2 
Hcs 3 
Dcs 4 

H0 8 (MSB) 

Ho, 
3o 6 
3o 5 
Ho 4 



CS,— «» 

cs 2 
cs. 



DATA OUT 1 DATA OUT 8 

t 1 



OUTPUT 
BUFFERS 



8192 BIT 
PROM MATRIX 



INPUT DRIVERS 



AqA, 




PIN NAMES 



A - A 9 ADDRESS INPUTS 


CS, - cs 2 " 
cs 3 -cs 4 


CHIP SELECT INPUTS 111 


O, - 8 DATA OUTPUTS 



[ 1 ] To select the PROM CS., = CS 2 = V, L 
and CS, = CS d = V, H 
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A.C. CHARACTERISTICS V cc = +5V±iO%,T A = 0°Cto +75°C 




PARAMETER 


MAX. LIMITS 


UNITS 




SYMBOL 


3628A-1 


3628A-3 


3628A-4 


CONDITIONS 


*A 


Address to Output Delay 


50 


70 


90 


ns 


CS 1 =CS 2 =V, L 


*EN 


Output Enable Time 


30 


30 


30 


ns 


and CS 3 =CS 4 =V| H 


^IS 


Output Disable Time 


30 


30 


30 


ns 


to select the PROM. 



CAPACITANCE (1) T A = 25°C, f = 1 mHz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 






TYP. 


MAX. 


TEST CONDITIONS 


C|NA 


Address Input Capacitance 


4 


10 


PF 


V C c = 5V V IN = 2.5V 


C|NS 


Chip-Select Input Capacitance 


4 


10 


PF 


V CC = 5V V IN = 2.5V 


^OUT 


Output Capacitance 


6 


12 


PF 


V CC = 5V V OUT = 2.5V 



NOTE 1: This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes — 2.5V 
Input pulse rise and fall times of 
5 ns between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10mA and 30pF 
Frequency of test — 2.5mHz 



10mA TEST LOAD 



:30pF 



WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



CS, , CSj - 

cs 3 ,cs 4 . 



3K 



\ 



jf™ 
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PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 

Absolute Maximum Ratings* 

Temperature Under Bias -65°Cto +125°C 

Storage Temperature -65°Cto +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.5V to 5.5V 

Output Currents 100mA 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS: All Limits Apply for V cc = + 5.0V ±10%, T A = 0°C to +75°C 





Parameter 


Limits 




Symbol 


Min. 


Typ.m 


Max. 


Unit 


Test Conditions 


"fa 


Address Input Load Current 




-0.05 


-0.25 


mA 


V CC = 5.5V,V A = 0.45V 


"fs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


V cc = 5.5V, V s = 0.45V 


•ra 


Address Input Leakage Current 






40 


ma 


V cc = 5.5V, V A = 5.5V 


•rs 


Chip Select Input Leakage 
Current 






40 


ma 


V cc = 5.5V, V s = 5.5V 


Hoi 


Output Leakage for High 
Impedance State 






40 


ma 


V = 5.5V or 0.45V, 

V cc = 5.5V, CSt = CS 2 = 2.4V 


lsc [2] 


Output Short Circuit Current 


-20 


-40 


-100 


mA 


v = ov 


V C A 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


V CC = 4.5V, l A = -10mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


V CC = 4.5V, l s = -10mA 


V 0L 


Output Low Voltage 




0.3 


0.45 


V 


V CC = 4.5V, l OL = 10mA 


Vqh 


Output High Voltage 


2.4 


3.4 




V 


l 0H = -2.0mA, V cc = 4.5V 


•cc 


Power Supply Current 




120 


170 


mA 


V cc = 5.5V 


V,L 


Input "Low" Voltage 






0.85 


V 




V, H 


Input "High" Voltage 


2.0 






V 





NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3636 
16K (2K x 8) BIPOLAR PROM 



3636-1 


65 ns Max. 


3636 


80 ns Max. 



i Fast Access Time: 50ns Typically 
i Low Power Dissipation: 0.05m W/ Bit 

Typically 
i Three Chip Select Inputs for Easy 

Memory Expansion 
i ± 10% Power Supply Tolerance 



i Three-State Outputs 

I Hermetic 24-Pin DIP 

i Polycrystalline Silicon Fuses for 
Higher Fuse Reliability/Higher 
Programmability 



The Intel® 3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
65 ns is specified over the 0°C to 75°C temperature range and 10% V cc power supply tolerances. There are ttiree chip 
selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 

Prior to the 16,384 bit 3636, the highest density bipolar PROM available was 8192 bits. The high density of the 3636 now 
easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8 bit PROMs. There 
is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The 3636 is 
packaged in a hermetic 24-pin dual in-line package. 



PIN CONFIGURATION 


A 7 C 


1 


S 24 


3v cc 


A.C 


2 


23 


Ha 8 


A.C 


3 


22 


Da 9 


A 4 C 


4 


21 


D A10 (MSB) 


A 3 C 


5 


20 


H CSi 


A 2 C 


6 


19 


D CS2 


A,II 


7 


18 


3 cs 3 


(LSB)A C 


8 


17 


J 8 (MSB) 


(LSB) O, C 


9 


16 


Ho 7 


o 2 C 


10 


15 


3o 6 


O3C 


11 


14 


3o 5 


gndC 


12 


13 


Ho 4 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 



LOGIC SYMBOL 



CSi - 
CS2 " 
CS3" 



OUTPUT 
BUFFERS 



16,384 
PROM MATRIX 



INPUT DRIVERS 

H— - 1 




PIN NAMES 



A0-A10 


ADDRESS INPUTS 


CSi, CS2, CS3 


CHIP SELECT INPUTS' 1 * 


Oi-0 8 


DATA OUTPUTS 



(1) To select the PROM CSi = V| L and 
CS 2 = CS 3 = V| H 
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PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°Cto +125°C 

Storage Temperature -65°Cto +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.5V to 5.5V 

Output Currents 100mA 



"COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. CHARACTERISTICS: All Limits Apply for V cc = + 5.0V ±10%, T A = 0°C to +75°C 


Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ.m 


Max. 


Unit 




I FA 


Address Input Load Current 




-0.05 


-0.25 


mA 


V cc = 5.5V, V A = 0.45V 


Ira 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


V cc = 5.5V, V s = 0.45V 


Ira 


Address Input Leakage Current 






40 


MA 


V cc = 5.5V, V A = 5.5V 


Irs 


Chip Select Input Leakage Current 






40 


ma 


V cc = 5.5V, V s = 5.5V 


Hoi 


Output Leakage for High Impedance State 






40 


ma 


V = 5.5V or 0.45V, 
V cc = 5.5V, CS 1 = 2.4V 


W 23 


Output Short Circuit Current 


-20 


-40 


-80 


mA 


v =ov 


V C A 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


V cc = 4.5V, U= -10 mA 


Vcs 


Chip Select Input Clamp Voltage 




-0.9 


-1.5 


V 


V cc = 4.5V, l s = -10 mA 


VOH 


Output High Voltage 


2.4 


3.2 




V 


l 0H = -2.4 mA, V cc = 4.5V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


V CC = 4.5V, l OL =10mA 


'cc 


Power Supply Current 




150 


185 


mA 


V cc = 5.5V 


V|L 


Input "Low" Voltage 






0.85 


V 


V cc = 5.0V ±10% 


V,H 


Input "High" Voltage 


2.0 






V 


V cc = 5.0V ±10% 



NOTES: 1. Typical values are for T A = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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3636 FAMILY 



A.C. CHARACTERISTICS v cc = +5V±io%,T A =o°cto +75°c 





PARAMETER 


MAX. 


LIMITS 


UNIT 




SYMBOL 


3636-1 


3636 


CONDITIONS 


t A 


Address to Output Delay 


65 


80 


ns 


CSi = V, L 


X EN 


Output Enable Time 


40 


50 


ns 


and CS 2 = CS 3 = V| H 


tois 


Output Disable Time 


40 


50 


ns 


to select the PROM. 



CAPACITANCE m T A = 25°c, f = 1 MHz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


^INA 


Address Input Capacitance 


4 


10 


pF 


V CC = 5V V |N =2.5V 


C INS 


Chip-Select Input Capacitance 


6 


10 


pF 


V cc = 5V V IN = 2.5V 


C OUT 


Output Capacitance 


7 


12 


pF 


V CC = 5V V 0UT = 2.5V 



NOTE 1 . i his parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 



10 mA TEST LOAD 



I 



30pF 




WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



cs,- 
cs 2 cs 3 - 



3£ 



V 



# 



fZ 
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Intel' 



PRByiMDGQACW 



3636B 
16K (2K x 8) BIPOLAR PROM 



3636B-1 


35 ns Max 


3636B-2 


45 ns Max 



■ Fast Access Time: 25 ns Typically 

■ Low Power Dissipation: 0.05m W/Bit 
Typically 

■ Three Chip Select Inputs for Easy 
Memory Expansion 

■ ±10% Power Supply Tolerance 



■ Three-State Outputs 

■ Hermetic 24-Pin DIP 

■ Polycrystalline Silicon Fuses for 
Higher Fuse Reliability /Higher 
Programmability 



The Intel 3636B is a very fast, fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case 
access time is 35ns over a temperature range of 0°C to 75°C with a 10% Vcc power supply tolerance. There are 
three chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky 
clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels 
can be electrically programmed in selected bit locations. 

The 3636B is designed for use in performance based systems. This 1 6,384 bit PROM uses the most advanced 
technology available. As a result, the 3636B combines higher performance and equivalent power in a smaller 
die than previous 16K Bipolar PROM designs. The 3636B is packaged in a hermetic 24 pin dual in-line 
package with the same pin configuration as the 3636. 



PIN CONFIGURATION 



A 7 C 


1 ^ 


^ 24 


A 6 L" 


2 


23 


AsC 


3 


22 


A 4 C 


4 


21 


A 3 C 


5 


20 


A 2 C 


6 


19 


A,C 


7 


18 


(LSB)A C 


8 


17 


(LSBI O, C 


9 


16 


o 2 C 


10 


15 


3 C 


11 


14 


gndC 


12 


13 



3v cc 
Da 8 
Da 9 

3 A10 <MSB> 
3 CS2 

3 cs 3 

3 8 (MSB) 
H°7 

3o 5 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 



CSi " 
CS 2 " 



f. 




t 


OUTPUT 
BUFFERS 



16,384 
PROM MATRIX- 



INPUT DRIVERS 



LOGIC SYMBOL 




PIN NAMES 



A0-A10 


ADDRESS INPUTS 


CS1, CS2, CS3 


CHIP SELECT INPUTS< 1 > 


Oi-0 8 


DATA OUTPUTS 



(1) To select the PROM CSi = Vil and 
CS 2 = CS 3 = V| H 
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3636B 



[PGmOIMOIMKV 



PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°Cto +125°C 

Storage Temperature -65°Cto +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.5Vto5.5V 

Output Currents 100mA 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. CHARACTERISTICS: All Limits Apply forV cc = +5.0V±10%, T A = 0°C to +75°C 


Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ.W 


Max. 


Unit 




I^A 


Address Input Load Current 




-0.05 


-0.25 


mA 


V C c = 5.5V, V A = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


V CC = 5.5V, V s = 0.45V 


Ira 


Address Input Leakage Current 






40 


M A 


V C c = 5.5V, V A = 5.5V 


Irs 


Chip Select Input Leakage Current 






40 


MA 


V C c = 5.5V, V s = 5.5V 


Hoi 


Output Leakage for High Impedance State 






40 


wA 


V = 5.5V or 0.45V, 
V CC = 5.5V, CS 1 = 2.4V 


lsc [2] 


Output Short Circuit Current 


-20 


-40 


-100 


mA 


v =ov 


V C A 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


V CC = 4.5V, l A = -10 mA 


Vcs 


Chip Select Input Clamp Voltage 




-0.9 


-1.5 


V 


V C c = 4.5V, l s = -10 mA 


VoH 


Output High Voltage 


2.4 


3.2 




V 


l 0H = - 2.4 mA,V C c = 4.5V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


V CC = 4.5V, l O L=10mA 


•cc 


Power Supply Current 




150 


185 


mA 


V CC = 5.5V 


V,L 


Input "Low" Voltage 






0.85 


V 


V CC = 5.0V ±10% 


V, H 


Input "High" Voltage 


2.0 






V 


V C c = 5.0V ±10% 



NOTES: 1. Typical values are for T A = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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3636B 



IPIfaiyiMAEW 



A.C. CHARACTERISTICS v cc = +5V±io%,T A =o°cto + 75°c 





PARAMETER 


MAX. 


LIMITS 


UNIT 




SYMBOL 


3636B-1 


3636B-2 


CONDITIONS 


t A 


Address to Output Delay 


35 


45 


ns 


CSi = V IL 


*EN 


Output Enable Time 


20 


25 


ns 


andCS 2 =CS 3 =V, H 


tpis 


Output Disable Time 


20 


25 


ns 


to select the PROM. 



CAPACITANCE 1 * t a = 25°c, f = 1 MHz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


C INA 


Address Input Capacitance 


4 


10 


pF 


V CC = 5V V IN=2-5V 


C INS 


Chip-Select Input Capacitance 


6 


10 


pF 


V CC = 5V V, N = 2.5V 


C OUT 


Output Capacitance 


7 


12 


pF 


V CC = 5V V 0U T = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 



10 mA TEST LOAD 



I 



30pF 



V C C 



WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



cs, ■ 
cs 2 cs . 



ac 



\ 



X 
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I. PROM AND ROM INPUT FORMATS 
A. Acceptible Formats 

Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched 
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The 
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats 
are defined to allow detection of errors. 

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica- 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 



Table I. Acceptable Formats 



Floppy Disk 


Paper Tape 


Computer Card 


Master Device 


• Intel Microcomputer 


• Intellec Hex 


• Intellec Hex 


• Same Density and 


Development System 






Pin Compatible 


Single or Double 


• BPNF 


• PN 


to Device which 


Density Disk 






is to be Pro- 




• Hex 




grammed. 



A1. Logic Levels 

All data field for Intel's EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which 
use negative logic. For the 4001/4308, an "0" is a high output and a "1" is a low output. Consequently, because the BPNP 
format specifies the voltage level at the output of the device, it is necessary to input an "0" and "1" in the 4001/4308 in- 
struction code as a "P" and "N" respectively. However, for the Hex format, the 4001/4308 input should be specified accord- 
ing to the instruction code logic state, i.e., a "1" or "0." The below example shows the corresponding input for 4001 instruc- 
tion codes. For comparison, the input for an 8080A is also given as an example. 

1. 4001 Instruction Code 



4001 
Instruction 
Mnemonic 


4001 

Instruction 

Code 


Intellec Hex 

Or Non- Intellec 

Hex Input 


BPNF 
Input 


NOP 


0000 0000 


00 


BPPPPPPPPF 


WRM 


1110 0000 


E0 


BNNNPPPPPF 



2. 8080A Instruction Code 



Instruction 
Mnemonic 


Instruction 
Code 


Intellec Hex 

Or Non- Intellec 

Hex Input 


BPNF 
Input 


JMP 


1100 0011 


C3 


BPPNNNNPPF 


Push D 


1101 0101 


D5 


BPPNPNPNPF 
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B. Paper Tape Format 

The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro- 
duces). The three paper tape formats which should be sent are described in Sections B1 through B3. 

B1. Intel lee Hex Paper Tape Format 

1 1 1 the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 

Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac- 
ters. Comments (except for a colon) may be placed on the tape leader. 

The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems 
programmed by the user. 

1. RECORD MARK FIELD: Frame 

T he ASCII code for a colon (:) is used to signal the start of a record. 

2. RECORD LENGTH FIELD: Frames 1 and 2 

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 
contains two ASCII zeros in this field. 

3. LOAD ADDRESS FIELD: Frames 3-6 

The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address; 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start- 
ing address of the program. 

4. RECORD TYPE FIELD: Frames 7 and 8 

The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type 0; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 

5. DATA FIELD: Frames 9 to 9+2*(record length)-1 

A data byte is represented by two frames containing the ASCII characters 0—9 or A— F, which represent a hexadecimal 
value between and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit, 
then either the high or low-order digit represents the data and the other digit o* the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2*(record length)+1 

The checksum field contains the ASCII hexadecimal representation of the two's complement of the 8-bit sum of the 
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 
converting to binary, from the record length field to and including the checksum field, is zero. 

Intel lee Hex Example: 



1031000031 1A320E03117E31CD40003A9231B7C2EE 

1031100060310E00117031CD40003A9231B7C2607B 

10312000312A7E31227A310E03117E31CD40003AB0 

103130009231 B7C260312A8C317CB5CA50310E044D 

103140001 18831CD40003A9231B7C26031C3273186 

103150000E01117A31CD40000E09119031CD4000A1 

103160000E0C119231CD40000E09119031CD40006E 

0A3170007E3196310100000092311B 

1 03 1 7C00923 1 1 00963 1 80008C3 19231 0000963 1 F 1 

0431 8E009231 9231 B7 

02319400923176 

00310001CE 



B2. BPNF Paper Tape Format 

The format requirements are as follows: 

1. AM data fields are to be punched in consecutive order, starting with data field (all addresses low). There must be 
exactly N data fields for a N x 8 or N x 4 device organizations. 

2. Each data field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for a N x 8 or N x 4 organization, respectively. 

NO OTHER CHARACTERS, SUCH AS RUBOUTS. ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar- 
ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 
results in a high level output, and an N results in a low level output. 

3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac- 
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 

4. Between data fields, comments not containing B's or F's may be inserted. Carriage return and line feed characters 
should be inserted (as a "comment") after each 72 characters. When these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes of error checking. The customer may also find it helpful to insert the 
word number (as a comment) at least every four word fields. 

5. Included in the tape before the leader should be the customer's complete Telex or TWX number and if more than one 
pattern is being transmitted, the device pattern number. 

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 
Example of BPNF 2048 x 8 format (N = 2048): 



Start Character — , Stop Character — , Data Field 


MSB LSB 


1 It * 
Leader: Null characters, BPPPNNNNNFBNNNNNNPPF... 
Rubout Key for TWX, or [ \\ \ 


BNPNPPPNN F 

1 i 


Letter Key for Telex | I 

(at least 25 frames) Word Field Word Field 1 


1 

Word Field 2047 



Trailer: Null characters, 
Rubout Key for TWX, or 
Letter Key for Telex 
(at least 25 frames) 



Example of 512 x 4 format (N = 512): 



Start Character — . Stop Character 

Leader: Rubout Key R P M P N F 
for TWX and Letter D r W r IM 1^ ^ 


1 

l merit 
text) 


Data Field 

BNNNN F.... 

Jl ■ ' 

Word Field 1 


MSB LSB 

..♦BPPPPF 

l i 


Key for Telex (at least | 
25 frames) Word Field Con 

(see 


i 

Word Field 511 



Trailer: Rubout Key 
for TWX and Letter 
Key for Telex (at least 
25 frames) 
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B3. Non- 1 rite I lee Hex Paper Tape Format 

For the non-lntellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 



Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 

The format requirements are as follows: 

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi- 
cate the end. All data fields are to be punched in consecutive order, starting with data field 00h (all addresses low). 

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 

A field of "don't care" data is allowed. Data after a field of "don't care" will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses 00h to 05h, followed with 
"don't care" from addresses 06h to 25h, data being entered again starting at address location 26h, and followed with 
"don't care" data to the last address location. 

| : | | 70F2145100FF M (26) | |7B0890F1 | ,; 1 



F 



Start Character 



Data Fields from 
Address 00h to 05h 



Address Location 
where Data is to be 
Programmed 



Data Fields from 
Address 26h to 2Ah 



End Character 



3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire 
line up to the previous carriage return. 

4. Spaces are allowed only between separate word fields. 

5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 

6. Comments must be placed only between the tape leader and the start of the first data field. 

C. Computer Punched Card Format 

The following general format is applicable to the programming information sent on computer punched cards: 

1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words 
x 8-bit and N words x 4-bit devices, respectively, in the PN format. 

For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 



CI. Intellec Hex Computer Punched Card Format 

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is "don't care". 

DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO. OF OUTPUTS 



INTEL 

P/N 



CUSTOMER'S 

DIVISION OR CUSTOMER'S 

LOCATION 



1 



I I I I I II II 



!, !.!!?! !!? ? ?.?.!! I?!. . 



Column 


Data 


1 


Punch <i T 


2 3 


Blank 


4 28 


Customei Company Name 


29 30 


Blank 


31 50 


Customer's Company Division or location 


51-52 


Blank 


53- 61 


Customer Part Number 


62 63 


Blank 


64 72 


Punch the Intel 4 digit basic pan number and 




in ( ) the number of output bits, e g , 2708 




(8). 2316 (8), or 3605(4) 


73 74 


Blank 


75 76 


Chip number for ROMs with programmable 




chip select inputs If not applicable, leave 




blank 


77- 78 


Blank 


79-80 


Punch a 2 digit decimal numbe' to indicate 




truth table number The first mull table 




will be 00, second 01. third 02. etc 



2-55 



a. N word x 8-bit device 



Column 



Data 



1 Record mark: A colon is used to signal the 

start of a record. 
2—3 Record length: This is the count of the actual 
data bytes in the record. Column 2 con- 
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 10hex bytes 
(16 decimal). 
4—7 Load address: The four characters starting 
addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con- 
taining more than 16 bytes of data will use 
two or more records or cards to transmit 
the data. Although the load address for the 
beginning record need not be 0000, each 
subsequent load address should be "10h" 
(16 decimals) greater than the last. 
8-9 Record type: A 2-digit code in this field speci- 
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, all data records are type 0. End- 
of-file records will be type 1; they are dis- 
tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

10-73 Data 

75—75 Checksum: Same as paper tape format. 

76-78 Blank 

79—80 Punch same 2-digit decimal number as in Title 
Card.. 



b. N word x 4-bit device 

This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 



Column 



Data 



10—73 Each memory location is represented by two 
columns containing the characters 0—9, 
A— F. Since this is 4-bit data, the user must 
indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 



2-56 



C2. PN Computer Punched Card Format 

A word field consists of only P's and N's. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
punched even if it is "don't care". The data field must begin in consecutive order, starting with address (all addresses 
logically low). 



TITLE CARD 
DESIGNATION 



CUSTOMER'S 
COMPANY NAME 



CUSTOMER'S 

DIVISION OR CUSTOMER'S 

LOCATION P/N 



DECIMAL NUMBER 

THE TRUTH TABLE 

NO. OF OUTPUTS 

4 or 8 

INTEL 

P/N 



INDICATING 
NUMBER 



CW 



/ TTT^T 

I II II I 
l ill III 

I mo o|||o oo ooioooo oiooooo 



rr 



»?14S 



|333333333|3||3333|33|333 

ssssssmisusssissmsss 

(6(6(6666666666|666666|66 

IMMlli'MMIMMMIMMl 

HmeimHommHme 

9 9 9 9 S 9 9 1 9 9 3 9 9 9 1 3 9 1 9 9 9 9 9 ■ 9 

* V' 1 ' 



I I 1 1 1 II II 
I 1 1 I I 

OO00OO000|0t)|O00O0O0OO00O00O00O0OOOOOOO0000O|OO0O00O 

i i'i' M ii 1 1' 1 1 1 1 1 it 1 1 1 1 1 1 1 ii i ii 1 1 1 1 1 1 1 1 M 1 1 M 1 1 1 M i M M 

?22?22?22i2????22222222??22222?222|22 222222222222222 

33333 3 3 33 3331 3 3|| 333 3| 3| 3 3 3 3 3 3 3 3 3 3 3|3 3 3333 ||3 3 333 3 3 3 
IHIIIIHIIIIIHIIUUIIHHHUIHI|HIIIIII|IIIIII 

66 6(6(666666 66 666(6666666|6 6 (666 66 6 666(66666 666666(6 
IMIIIINIIIIIIIIMIIIMIIIIIMIIIIII/MlllMIIMin 
8 6 It 8 I! 8 8 8 8 J 1 6 1 8 6 6 8 8 8 J 8 6 8 6 6 1 8 8 8 8 8 8 8 8 » 8 6 6 8 8 8 8 8 8 8 1 1 1 8 8 8 ■ 
8 9 9 9 9 9 9 9 9 9 9 5 9 9 9 8 8 9 1 9 9 3 9 9 1 9 8 9 9 9 9 9 1 9 S * ') ■ 1 M 9 ? 9 9 9 9 i 9 9 M 
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Column 


Data 


1 


Punch a T 


2-3 


Blank 


4-28 


Customer Company Name 


29-30 


Blank 


31-50 


Customer's Company Division or location 


51-52 


Blank 


53-61 


Customer Part Number 


62-63 


Blank 


64-72 


Punch the Intel 4-digit basic part number and 




in ( ) the number of output bits; e.g., 2708 




(8), 2316 (8), or 3605 (4) 


73-74 


Blank 


75-76 


Chip number for ROMs with programmable 




chip select inputs. If not applicable, leave 




blank. 


77-78 


Blank 


79-80 


Punch a 2-digit decimal number to indicate 




truth table number. The first truth table 




will be 00, second 01, third 02, etc. 



Title Card Format. 



For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 



DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 



MSB- 
14 DATA FIELDS 



/)ifi>t)<> FHF'ti 



MKMK FF'F'P NWiF' Fftlfl KHFP PPPP PtlPU PPHh HFFI 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



nrl, 



FUMti FFFFTRpTThRp ijO'N 



mi mi mi mi mi mi mi mi nn nn mi mi nn mi 

lllllo 00 1 J 
1 I I I I I I I I I I II I II I I I I I III I I I I II I I 1 1 I I I I I I I 1 1 I I M I I I I I II I 1 I I I ll' I I l' M I I " I I I i"n l"l 
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?m7;|jf;;7M7iniHH|r||!/mll7lllnl?Bnllm;lll'l';nllllmllrlnl;r 
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Column 


Data 


1-5 


Punch the 5 digit decimal equivalent of the 




binary coded location which begins each 




card. The address is right justified, i.e., 




00000, 0001 4, 00028, etc. 


6 


Blank 


7-10 


Data Field 


11 


Blank 


12-15 


Data Field 


16 


Blank 


17-20 


Data Field 


21 


Blank 


22-25 


Data Field 


26 


Blank 


27-30 


Data Field 


31 


Blank 


32-35 


Data Field 


36 


Blank 


37-40 


Data Field 


41 


Blank 


42-45 


Data Field 


46 


Blank 


47-50 


Data Field 


51 


Blank 


52-55 


Data Field 


56 


Blank 


57-60 


Data Field 


61 


Blank 


62-65 


Data Field 


66 


Blank 


67-70 


Data Field 


71 


Blank 


72-75 


Data Field 


76-78 


Blank 


79-80 


Punch same 2 digit decimal number as In 




title card. 
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For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 



MSB ■ 

DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 

!_, 



LSB • 



F'Hf-H 



8 DATA FIELDS 



DECIMAL NUMBER 

INDICATING THE 

TRUTH TABLE NUMBER 



1 f 



FFFr<hhF F'Ff<«r<ftFF F'F'F'HMF'F'h F'F'hlihPF'?' NdUhNFFf' MNF'F'MMiF' HWf+NM' ijtj 
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Column 


Data 


1-5 


Punch the 5 digit decimal equivalent of the 




binary coded location which begins each 




card. The address Is right justified, i.e., 




00000, 00008, 00016, etc. 


6 


Blank 


7-14 


Data Field 


15 


Blank 


16-23 


Data Field 


24 


Blank 


25-32 


Data Field 


33 


Blank 


34-41 


Data Field 


42 


Blank 


43-50 


Data Field 


51 


Blank 


52-59 


Data Field 


60 


Blank 


61-68 


Data Field 


69 


Blank 


70-77 


Data Field 


78 


Blank 


79-80 


Punch same 2 digit decimal number as in 




title card. 



D. Custom PROM/ROM Order Forms 

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 
Santa Clara, California 95051. 



The order forms for the individual PROMs/ROMs are listed in Table II below. 



Table II 



PROM/ROM 


Order Form 


Part Number 


Number 


MOS EPROMs 


A 


8741,8748,8755 


A 


8041, 8048,8049 


C 


2608 


D 


8355 


E 


Bipolar PROMs 


F 


4001 


G 


4308 


H 


8021 


I 


8022 


J 



2-58 



CUSTOMER EPROM 

ORDER FORM 

A 



2716, 2732, 2732A, 
2763,8741,8748,8755 



Company 

Company Contact, 
P.O. # 



Phone #_ 
Date 



Intel Device P/N_ 



All custom MOS EPROM orders must be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog. Additional forms are available from Intel. 



For Intel Use Only 



STD_ 
APP_ 
Date- 



MARKING 

The marking will consist of the Intel Logo, the product and package type (D2716), the 
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code 
(XXYY), and the customer part number (Z . . . Z). The customer part number is limited to 
a maximum of 9 digits or spaces. 



2716 MARKING 
EXAMPLE 




FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 

□ Single Density □ Double Density 



CUSTOMER PART NUMBER 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



Customer P/N 
(Please Fill-In) 







































1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



Floppy Disk File Name 
(Please Fill-in) 







































Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 



2-59 



CUSTOMER 8041, 8048, 8049 ROM 

ORDER FORM 

C 



8041,8048,8049 



Company Phone # 


For Intel Use Only 

S# 


Company Contact Date 


P.O. # Packaqe Type: □ Plastic □ Cerdip 


STD 
APP 
Date 




All custom 8041, 8048 and 8049 orders be submitted on this form. Programming information 


should be sent per the formats described in the Programming Instruction section of the Intel 




Data Catalog. Additional forms are available from Intel. 





MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 







P8048 
XXYY 



WWWW 
Z....Z 



P8048 MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes. Programmed EPROMs are also acceptable. 



□ Single Density 



D Double Density 



CUSTOMER PART NUMBER 

Customer P/N 
(Please Fill-in) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Floppy Disk File Name 
(Please Fill-In) 









































Intel Pattern Number 
(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
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CUSTOMER 8355 ROM 

ORDER FORM 

E 



8355 



Company Phone # 
Company Contact Date 


S# 
STD 
APP 
Date 


For Intel Use Only 


P.O. # PackaqeType: □ Plastic f~l Ccrriip 


All custom 8355 orders must be submitted on this form. Programming information should 
be sent per the formats described in the Programming Instruction section of the Intel Data 
Catalog. Additional forms are available from Intel. 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



P8355 WWWW 
XXYY Z....Z 



1 
P8355 MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 

□ Single Density □ Double Density 



CUSTOMER PART NUMBER 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Customer P/N 
(Please Fill-In) 












i i i i i i i I i i i 





























1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



Floppy Disk File Name 
(Please Fill-in) 









































Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



CUSTOMER BIPOLAR PROM 

ORDER FORM 

F 



36AA PROM 



Company Phone # 

Company Contact Date 

P.O. # Intel Device P/N 


S# 
STD 
APP 
Date 


For Intel Use Only 




All custom bipolar PROM orders must be submitted on this form. Programming informa- 
tion should be sent per the formats described in the Programming Instruction section of the 
Intel Data Catalog. Additional forms are available from Intel. 



IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 

A word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3625A, it is important that 
you indicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 



□ Right Justified 



□ Left Justified 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number {Z....Z}. The customer part number is 
limited to a maximum of 9 digits or spaces. 



□ D36AA 

XXYY WWWW 

zzzzzzzzz 



D 



1 

D36AA MARKING EXAMPLE 



FLOPPY DISK 

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 



□ Single Density 



□ Double Density 



CUSTOMER PART NUMBER 



Customer P/N 
(Please Fill-in) 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

?• 
10. 
11. 
12. 
13. 
14. 
15. 

















I I I I I I I I I I I 















1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



Floppy Disk File Name 
(Please Fill-in) 
























I I I I I I I i I I I 







Intel Pattern Number 

(Please Do Not Use) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
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CUSTOMER 8021 ROM 

ORDER FORM 

I 



Company 

Company Contact 
P.O. No. 



Phone No. . 
Date 



Package Type: ^Plastic D Cerdip 



All custom 8021 orders must be submitted on this form. Programming information should be 
sent in the form of floppy disk, programmed 8748, paper tape or punched cards Additional 
forms are available from Intel. 



For Intel Use Only 



SNo. 
STD. 
APP- 



DATE 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



I 



P8021 



XXYY 



wwww 



Z....Z 



P8021 MARKING EXAMPLE 



CUSTOMER PART NUMBER 

Customer P/N 

(Please Fill-in) 



J I I I I I I 



Intel Pattern Number 

(Please Do Not Use) 

I I I I I I I I I 



I/O Mask Options 

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin. 

OPTIONAL PULLUP RESISTOR 

Port 0: ? 

Option 1 deletes the pullup resistor on the I/O line ^ 

providing true open drain outputs. j 

Option 2 includes the pullup resistor on the I/O line L 

providing a quasi-bidirectional line. I 



PIN 


OP1 
1 


HON 
2 


POO 4 






P01 & 






P02 6 






P03 7 






P04 8 






P05 9 






P06 10 






P07 11 






T1 13 







— c 



Option 1 deletes the pullup resistor for use as a zero 
cross detection input. 

Option 2 includes the pullup resistor for use with an 
external switch or standard TTL. 



OPTIONAL PULLUP RESISTOR 



->J 
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CUSTOMER 8022 ROM 

ORDER FORM 

J 



Company 

Company Contact 
P.O. No. 



Phone No. 
Date 



Package Type: D Plastic D Cerdip 



All custom 8022 orders must be submitted on this form, 
be sent in the form of floppy disk, programmed 8755, 
Additional forms are available from Intel. 



Programming information should 
paper tape or punched cards. 



For Intel Use Only 



SNo. . 
STD . 
APP . 
DATE, 



MARKING 

All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 



I 



P8022 
XXYY 



WWWW 
Z....Z 



P8022 MARKING EXAMPLE 



CUSTOMER PART NUMBER 
Customer P/N 

(Please FN l-ln) 
I I I I 1 1 1 -I 



J 



Intel Pattern Number 

(Please Do Not Use) 
1 I I 1 i 1 I i I 



I/O Mask Options 

Specify the desired connection for each I/O line on Port and for the T1 input by marking only one box for each pin. 



OPTIONAL PULLUP RESISTOR 



PIN 


OPTI 
1 


ON 
2 


POO 10 






P01 11 






P02 12 






P03 13 






P04 14 






P05 15 






P06 16 






P07 17 






T1 19 







Port 0: 

Option 1 deletes the pullup resistor on the I/O line 

providing true open drain outputs. 
Option 2 includes the pullup resistor on the I/O line 

providing a quasi-bidirectional line. 



Option 1 deletes the pullup resistor for use as a zero 

cross detection input. 
Option 2 includes the pullup resistor for use with an 

external switch or standard TTL 




OPTIONAL PULLUP RESISTOR 
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PROGRAMMING INSTRUCTIONS SECTION 



II. MOSEPROMs 

A. Erasure Procedure 

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10—45 minutes, depending on the type of UV lamp. Actually, the amount of time required to erase a device 
can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per square 
centimeter (W-sec/cm2). The specified 1 5W-sec/cm 2 erase energy includes a guardboard to ensure complete erasure of all bits. 
It is not sufficient to monitor "first bit" erasure to determine erasure time, as some other bits in the array may not be erased. 



A1. UV Sources 

There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data I/O (Issaquah, Wash.), PROLOG (Monterey, Calif.), Prometrics (Chicago, III.), Spectronics Corp. (Westbury, 
N.Y.), and Turner Designs (Mt. View, Calif.). The individual manufacturers should be consulted for detailed product descrip- 
tions. Also shown in the table are typical erase times for various combinations of Intel PROMs and lamp intensities. 



Table IV. 



Model 


Power Rating 


Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 


15W-sec 

All Intel EPROMs 

or EPROMs with I/O 

Ports 


R-52 

S-52 

S-68 

UVS-54 

UVS-11 


13000juW/cm 2 

12000juW/cm 2 

12000juW/cm 2 

5700/iW/cm 2 

5500/iW/cm 2 


19.2 min 
20.7 min 

20.7 min 

43.8 min 
45.6 min 



According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 
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B. 2716 Programming 

Initially, and after each erasure, all bits of the 2716 are in the "1" state. Information is introduced by selectively program- 
ming "0" into the desired bit locations. A programmed "0" can only be changed to a "1" by UV erasure. 

The 2716 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the OE input high and the 
Vpp supply at 25V ± 1V. Any location may be programmed at any time-either individually, sequentially, or randomly. The 
programming time for a single bit is only 50 ms and for all bits is approximately 100 and 50 seconds for the 2716. The 
detailed programming specifications and timing waveforms are given in the following tables and figures. 

CAUTION: The Vqq and Vpp supplied must be sequenced on and off such that Vcc ' s applied simultaneously or before 
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716. The maximum allowable voltage 
during programming which may be applied to the Vpp with respect to ground is +26V. Care must be taken 
when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For 
convenience in programming, the 2716 may be verified with the Vpp supply at 25V ± 1V. During normal read 
operation, however, Vpp must be at Vcc. 



2716 PROGRAM CHARACTERISTICS^) 



T A = 25°C ±5°C, Vcc (2] = 5V ±5%, V P ^ 2 > 3] = 25V ±1V 
D.C. Programming Characteristics 



Symbol 


Parameter 


min. 


Typ. 


Max. 


Units 


Test Conditions 


I LI 


Input Current (for Any Input) 






10 


juA 


V| N = 5.25V/0.45 


'PP1 


Vpp Supply Current 






5 


mA 


CE/PGM = V, L 


lpp 2 


Vpp Supply Current During 
Programming Pulse 






30 


mA 


CE/PGM = V| H 


•cc 


Vcc Supply Current 






100 


mA 




V|L 


Input Low Level 


-0.1 




0.8 


V 




V| H 


Input High Level 


2.0 




Vcc+1 


V 




A.C. Prog 


ramming Characteristics 








Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 




tAS 


Address Setup Time 


2 






jus 




tOES 


QE Setup Time 


2 






JUS 




*ds 


Data Setup Time 


2 






JUS 




tAH 


Address Hold Time 


2 






Ats 




tOEH 


OE Hold Time 


2 






JUS 




*DH 


Data Hold Time 


2 






JUS 




tDF 


Output Enable to Output Float Delay 







120 


ns 


CE/PGM = V| L 


f OE 


Output Enable to Output Delay 






120 


ns 


Cl/PGM = V, L 


tpw 


Program Pulse Width 


45 


50 


55 


ms 




tpRT 


Program Pulse Rise Time 


5 






ns 




tpFT 


Program Pulse Fall Time 


5 






ns 





NOTES: 1 . Intel's standard product warranty applies only to devices programmed to specifications described herein. 

2. Vcc must De applied simultaneously or before Vpp and removed simultaneously or after Vpp The 2716/2758 must not be 
inserted into or removed from a board with Vpp at 25 ±1 V to prevent damage to the device. 

3. The maximum allowable voltage which may be applied to the \/pp pin during programming is +26V. Care must be taken when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 

V cc 5V±5% 

V PP 25V±1V 

Input Rise and Fall Times (10% to 90%) 20 ns 

PROGRAMMING WAVEFORMS 

Vpp = 25V ±1 V, V CC = 5V ±5% 



Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2V 



H 



oaYa in 

STABLE 

ADD N 



X 



} 



DATA OUT 
VALID 
ADD N 



ADDRESS N+m 



X 



DATA IN 
STABLE 
ADD. N+m 



NOTE ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE U SEC UNLESS OTHERWISE NOTED 

C. 2732 Programming 

Initially, and after each erasure, all bits of the 2732 are in the "1" state. Data is introduced by selectively programming "0's" 
into the desired bit locations. Although only "0's" will be programmed, both "1's" and "0's" can be presented in the data 
word. The only way to change a "0" to a "1 " is by ultraviolet light erasure. 

The 2732 is in the programming mode when the OE/V PP input is at 25V. It is required that a 0.1 juF capacitor be placed 
across OE/Vpp and ground to suppress spurious voltage transients which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels required for the address and data inputs are TTL. 

When the address and data are stable, a 50 msec, active low, TTL program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be programmed. You can program any location at any time— either individually, 
sequentially, or at random. The program pulse has a maximum width of 55 msec. The 2732 must not be programmed with a 
DC signal applied to the CE input. 

Programming of multiple 2732s in parallel with the same data can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2732s may be connected together when they are programmed with the 
same data. A low level TTL pulse applied to the CE input programs the paralleled 2732s. 

Program Inhibit 

Programming of multiple 2732s in parallel with different data is also easily accomplished. Except for CE, all like inputs 
(including tTE) of the parallel 2732s may be common. A TTL level program pulse applied to a 2732's CE input with UE/Vpp 
at 25V will program that 2732. A high level CE input inhibits the other 2732s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to determine that they were correctly programmed. The verify is 
accomplished with OE/Vpp and CE at V|j_. Data should be verified toy a ^ ter tne falling edge of CE. 
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A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) .20 ns 

Input Pulse Levels .0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2V 



PROGRAMMING" 

D.C. PROGRAMMING CHARACTERISTICS: T A =25 ±5°C, V CC =5V ±5%, V PP =25V ±1V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


■li 


Input Current (All Inputs) 






10 


MA 


V IN = V| L orV| H 


Vol 


Output Low Voltage During Verify 






0.45 


V 


l i_=2.1 mA 


Voh 


Output High Voltage During Verify 


2.4 






V 


l 0H = -400 M A 


•cc 


V cc Supply Current 




85 


150 


mA 




V,L 


Input Low Level (All Inputs) 


-0.1 




0.8 


V 




V,H 


Input High Level (All Inputs Except OE/V PP ) 


2.0 




Vcc+1 


V 




Ipp 


V PP Supply Current 






50 


mA 


CE = V| L) OE=V PP 


A.C. PROGRAMMING CHARACTERISTICS: T A = 25 ±5°C, V CC = 5V ±5%, V PP =25V ±1V 




Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Us 


Address Setup Time 


2 






/US 




toES 


OE Setup Time 


2 






MS 




*DS 


Data Setup Time 


2 






M S 




tAH 


Address Hold Time 









M S 




toEH 


OE Hold Time 


2 






MS 




tpH 


Data Hold Time 


2 






MS 




tDF 


Chip Enable to Output Float Delay 







120 


ns 




*DV 


Data Valid fromUE 






1 


MS 


CE = V, L ,UE=V| L 


t PW 


CE Pulse Width During Programming 


45 


50 


55 


ms 




*PRT 


UE Pulse Rise Time During Programming 


50 






ns 




*vr 


V PP Recovery Time 


2 






MS 





Note: 1. When programming the 2732, a 0.1 mF capacitor is required across OE/V PP and ground to suppress spurious voltage transients which may 
damage the device. 
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PROGRAMMING WAVEFORMS 



ADDRESSES 



zx 



< 



t os_ 

(2] 



OT/Vpp 




_ l OES_ 

[2] 



DATA IN STABLE 
ADD. N 



> 






[2] ^ 



_k)EH 
[2] 




^LJ* \ J 



_PROGRAM_ 
VERIFY 



C DATA OUT VALID ^ 
^ / 



«AH_ 
(0) 




1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN pSEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V, L AND 2V FOR A V, H . 



D. 2732A Programming 

The 2732A is programmed exactly as the 2732 except that Vpp = 21 V ± 0.5V. 
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PROGRAMMING WAVEFORMS 



ADDRESSES 




1. ALL TIMES SHOWN IN ( ) ARE MINIMUM AND IN //SEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V, L AND 2V FOR A V, H . 



E. 2764 Programming 



Programming is the same as Intel's 2732A except that OE/V PP 
is not multiplexed. They have separate pins. Like the 2732A, 
exceeding 21.5V will damage the 2764. 

Initially, and after each erasure, all bits of the 2764 are in the 
"1" state. Data is introduced by selectively programming 
"Os" into the desired bit locations. Although only "Os" will be 
programmed, both "1s" and "Os" can be present in the data 
word. The only way to change a "0" to a "1 " is by ultraviolet 
light erasure. 

The 2764 is i n the p rogramming mode when V PP input is at 21 V 
and CE and PGM are both at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs are TTL. 



For programming, CE should be kept TTL low at all times 
while V PP is kept at 21V. When the address and data are s table, 
a 50 msec, active low, TTL program pulse is applied to PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location at 
anytime — either individually, sequentially, or at random. The 
program pulse has a maximum width of 55 msec. 



Programming of multiple 2764s in parallel with the same data 
can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2764s 
may be connected together when they are progra mmed with 
the same data. A low level TTL pulse applied to the PGM input 
programs the paralleled 2764s. 
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2764 



(PKILDIMIDIMAISV 



PROGRAMMING 

D.C. PROGRAMMING CHARACTERISTICS: 



25 ±5°C, V cc = 5V ±5%, V p 



21V ±0.5V(see Note 1) 



Symbol 


Parameter 


Limits 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


lu 


Input Current (All Inputs) 






10 


fiA 


V,n = V IL or V,h 


Vol 


Output Low Voltage During Verify 






0.45 


V 


Iol = 2.1 mA 


Voh 


Output High Voltage During Verify 


2.4 






V 


Ioh = ~ 400 /LtA 


•cc2 


V cc Supply Current (Active) 






150 


mA 




v 1L 


Input Low Level (All Inputs) 


-0.1 




0.8 


V 




v,„ 


Input High Level 


2.0 




Vcc + 1 


V 




Ipp 


V PP Supply Current 






30 


mA 


CE = V IL = PGM 



A.C. PROGRAMMING CHARACTERISTICS: T A = 25 ±5°C, V cc - 5V ±5%, V PP = 21V ±0.5V (see Note 1) 



Symbol 


Parameter 


Limits 


Test Conditions* 


Min. 


Typ. 


Max. 


Unit 


tAS 


Address Setup Time 


2 






^tS 




toES 


OE Setup Time 


2 






/LIS 




t D s 


Data Setup Time 


2 






/xS 




tAH 


Address Hold Time 









jLCS 




tDH 


Data Hold Time 


2 






/xS 




t D F 


Chip Enable to Output Float Delay 







130 


ns 




tvs 


V PP Setup Time 


2 






fXS 




tpw 


PGM Pulse Width During Programming 


45 


50 


55 


ms 




tcES 


CE Setup Time 


2 






/LtS 




toE 


Data Valid from OE 






150 


ns 





*A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 1 V and 2V 

Output Timing Reference Level 0.8V and 2.0V 



NOTE: 1. V cc must be applied simultaneously or before V PP and removed simultaneously or after V P( 
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AFN-01647A 



2764 



raiUIMOIMW 



PROGRAMMING WAVEFORMS 



%n- 



X 



"[2]" 



i 



/ 



"[2]- 



K 



t CE s 
[2] 



DATA IN STABLE 
ADD. N 



> 



\ 



W 



[45] 



X 



PROGRAM 
VERIFY 



xz 



£ 



t0E 

-[0.15]- 
MAX. 



> 



"(0.13) 
MAX. 



y 



1. ALL TIMES SHOWN IN [ ] ARE MINIMUM AND IN ^SEC UNLESS OTHERWISE SPECIFIED. 

2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V 1L AND 2V FOR A V,„. 
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Bipolar PROM Programming 



1. A 5mA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to V cc by a silicon diode. All the other inputs must be floating until it is their turn for programming. The V cc 
power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of V cc is linearly 
increased from 0.2jus to 8ms according to the ramp time shown in Figure 3. The total ramp time for a group of four 
outputs is 180ms for a group of eight outputs. 

The V cc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 
time (t CY c) between the V cc program pulses to the same output will increase as the V cc program pulse width 
increases from 0.2^s to 8ms. The time (t D ) between V cc pulses of two different outputs is constant at 1.8^s. 

2. All outputs must be continuously monitored for programming verification. This verification must occur after V cc has 
been at 4.5V for 90% of t D and prior to V cc rising to 12.5V. The program/verification cycles must still be applied (with 
the pulse width still linearly increasing to a maximum of 8jus) even though the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 
the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. 

More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final V cc and CS pulse at a width of 2.5ms is simultaneously applied to all 
outputs that are being programmed. Programming should cease if the 128 verifications are not achieved in 800ms. 

3. A 4mA ±50% l cs current must also be forced into an appropriate chip select. I cs is forced into CS 4 (pin 18) of 
3604A/3624A, CS 2 (pin 10) of 3625A, CS 3 (pin 19) of 3628, and CS 2 (pin 19) of 3636. The 4mA current into the chip select 
input may be easily accomplished by using a 1 .2K resistor connected to a ± 1 5V power supply. The voltage on the chip 
select input will be approximately 10V with the 1.2K resistor. 

4. The l cc source used for programming should be able to supply 600mA during V (H . 

Table V. Programming Characteristics 

T A = 25°C 



Symbol 


Parameter 


Limits 


Conditions 


Min. 


Norn. 


Max. 


Units 


V,H1 


Vqc Program Pulse Amplitude 


12 


12.5 


13 


V 




V|H2 


CS Program Pulse Amplitude 


3 


5 


5.5 


V 




V|L1 


Vcc During Verify 


4.25 [1] 


4.5 


4.75 


V 




V|H2 


CS During Verify 





0.2 


0.4 


V 




tpwi 


Vcc P u ' se Width at Beginning 
of Pulse Train 


160 


200 


240 . 


' ns 


Measured at 12V 


tpw2 


V C c Pulse Widtn at End of pulse 
Train 


7.2 


8 


8.8 


JUS 


Measured at 12V 


T CSS 


Chip Select Setup Time 









ns 


Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vcc 


T CSH 


Chip Select Hold Time 


100 






ns 


Measured from 5.0V on falling edge 
of Vcc to 1 - 5V on falling edge of CS 


Tr 


Vcc R' se Time 


300 


400 


500 


ns 


Measured from 5V to 12V on Vcc 


Tf 


Vcc Fall Time 


50 


100 


200 


ns 


Measured from 12V to 5V on Vcc 


T C YC 


Time Between Pulses to Same 
Output 


9 


10 




Ms 


Measured at 5V on Vcc 


Top 


DC Program Time After Verifica- 
tion Has Been Obtained 


2.2 


2.5 


2.8 


ms 


Measured at 12V 


T d 


Time Between Vcc Pulses to 
Successive Outputs 


1.5 


1.8 




jus 


Measured at 5V on Vcc 


Tramp 


Time During Which Vcc 

Pulse Width is Increased 4 outputs 


160 


180 


200 


ms 




Linearly from tpwi to 

tpw2 8 outputs 


320 


360 


400 


•cs 


Chip Select Input Current (See 
Programming Instruction 3 for 
Details) 


2 


4 


6 


mA 


lcs should be generated using a 
1.2K resistor from a 15V power 
supply 



NOTE: 1. The minimum V||_i for the 3604AL (low power) is 4.5V 
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(SEE FIG. 2 FOR DETAILS) 



-<D-*| 



_128 t CY c— 
(NOTE 2) 



:ji_rui_n_rui_n_rui 



*10V 

OUTPUT 1 *5V 

0.45V (MAX) 

*10V 
OUTPUT 2 *5V - 
0.45V (MAX) 



_TL 



ft 



-PROGRAMMED (NOTE 1) 



ft 



n 



n 



^— PR( 



PROGRAMMED (NOTE 1) 



OUTPUT N *5V • 
0.45V (MAX) 



n 



^— P 



PROGRAMMED (NOTE 1) 



ft 



Figure 1. Programming Cycles. 



NOTES: 1 . PROGRAM VERIFICATION MUST OCCUR AFTER_Vcc HAS BEEN AT 4 5V F0R 90 % OF t D AND PRIOR TO Vcc RISING TO 12.5V. 
THE PROGRAMMED OUTPUT IS «0.45V WHEN CS *S0.8V AND FLOATING WHEN CS > 3V. 

2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTLY PROGRAMMED. 

3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms Vcc AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 



►+«* *OP — »4 



1_ 

T_ 

L 



L 
L 




£F\_^~V_^~^_^ V. 



J~\ 



f\ 



UNPROGRAMMED BIT 




f\ 



Figure 2. Programming Cycle Details . 
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(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS 



(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 





PROGRAMMING ELAPSED TIME (mi) 



PROGRAMMING ELAPSED TIME (m$l 



Figure 3. Vcc P u,se Width vs. Programming Time. 
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Magnetics Q 



iny 



BPK72 
BUBBLE STORAGE PROTOTYPE KIT 



One BPK70 1 Megabit Bubble Storage 
Subsystem 

One 7220 Controller 



■ Blank 10 cm x 10 cm PC Board for 
Assembly 

■ Complete with Accessories and 
Documentation for Prototyping 



BPK72 prototype kit contains the necessary components, accessories and documentation required to build a 
1 megabit bubble storage prototype system with minimum design effort. Application information on system 
interconnections is included. 





Bubfc»le Memory ; 

Prototyped 
'^magnetics ; 



'•••-:' - - - ' ... . 
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ORDERING INFORMATION 



Order Code 


Description* 


BPK72-0 
BPK72-1 
BPK72-2 


0-50°C 1 Megabit Storage System Prototype Kit 

0-70°C 1 Megabit Storage System Prototype Kit 

10-50°C 1 Megabit Storage System Prototype Kit 



ITEMS IN KIT 



Item 


Part/Manual Number 


BPK72 User's Manual 


121685 


Blank Printed Circuit Board 


IMB-72 


Socket for 7110 


7904 


Seed Module 


7901 


VMOS Transistor 


7902 


Solder Tip 


7903 


Dummy Module 


7900 


7220 


Bubble Memory Controller 


7230 


Current Pulse Generator 


7242 


Dual Formatter/Sense Amp 


7250 


Coil Pre-Driver 


2x7254 


Quad VMOS Drive Transistors 
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BPK70 
1 MBIT BUBBLE STORAGE SUB-SYSTEM 



■ Contains Components for Production of 
1 MBit Bubble Storage Sub-System 



■ One 7250 Coil Pre-Driver 



■ Two 7254 Quad VMOS Drive Transistors 



■ One 7230 Current Pulse Generator 



One 7242 Dual Formatter/Sense 
Amplifier 



■ One 7110 1 MBit Bubble Memory 



■ One 7904 Socket for 7110 



TO 
8080 
8085 



o 



7220 

BUBBLE 

MEMORY 

CONTROLLER 

(BMC) 



fc 



r 



^rra«^w 



I 



rrv 

I 

i 






TO 

ADDITIONAL 

BPK70S 




7242 

FORMATTER/ 

SENSE 

AMP 

(FSA) 



c 



a 



a 




MNMMM 

7250 
COIL PREDRIVER 




2x5 
DRIVER 
TRANSISTORS 



7110 

ONE MEGABIT 

BUBBLE 

MEMORY 

UNIT 

(MBM) 



^>: 



7230 

CURRENT 

PULSE 

GENERATOR 

(CPG) 



_ _ J?*** |y?ltl ^^ESUBSYSTEM^J 
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ORDER INFORMATION 



Part Number 


Description 


BPK70-0 
BPK70-1 
BPK70-2 


0-50°C 1 MBit Bubble Storage Sub-System 

0-70°C 1 MBit Bubble Storage Sub-System 

10-50°C 1 MBit Bubble Storage Sub-System 
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7110 
1 MEGABIT BUBBLE MEMORY 



7110 


0-50°C 


7110-1 


0-70°C 


7110-2 


10-50°C 



1,048,576 Bits of Usable Data Storage 

Non-Volatile, Solid-State Memory 

True Binary Organization — 512 Bit 
Page and 2048 Pages 

Major Track — Minor Loop Architecture 

Redundant Loops with On-Chip Loop 
Map and Index 



■ Block Replicate for Read; Block 
Swap for Write 

■ Single Chip 20-Pin Dual In-Line 
Leadless Package and Socket 

■ Small Physical Volume 

■ Low Power per Bit 

■ Maximum Data Rate 100 Kbit/sec 



The Intel Magnetics 7110 is a very high density 1 megabit non-volatile, solid-state memory utilizing the magnetic bub- 
ble technology. The usable data storage capacity is 1,048,576 bits. The defect tolerant design incorporates redundant 
storage loops. The gross capacity of Intel Magnetics bubble memory is 1,310,720 bits. 

The 7110 has a true binary organization to simplify system design, interfacing, and system software. The device is 
organized as 256 data storage loops each having 4096 storage bits. When used with Intel Magnetics complete family of 
support electronics the resultant minimum system is configured as 128K bytes of usable data storage. The support 
circuits also provide automatic error correction and transparent handling of redundant loops. 

The 7110 has a major track-minor loop architecture. It has separate read and write tracks. Logically, the data is organ- 
ized as a 512 bit page with a total of 2048 pages. The redundant loop information is stored on-chip in the bootstrap loop 
along with an index address code. When power is disconnected, the 7110 retains the data stored and the bubble 
memory system is restarted when power is restored via the support electronics under software control. 

The 7110 is packaged in a dual in-line leadless package complete with permanent magnets and coils for the in-plane 
rotating field. In addition, the 71 10 has a magnetic shield surrounding the bubble memory chip to protect the data from 
externally induced magnetic fields. 

The 7110 operating data rate is 100 Kbit/sec. The 7110 can be operated asynchronously and has start/stop capability. 



\® 



BUBBLE 

MEMORY 

CONTROLLER 

(BMC) 



Vi rrV 



CURRENT 

PULSE 

GENERATOR 



3L 



COIL PREDRIVER 

I 277254 I 

DRIVER 
I TRANSISTORS 



i MBBtS I 
j MEMORY 



_ 



BPK70 BUBBLE STORAGEjSUBSYSTEMJ 



Block Diagram of Single Bubble Memory System — 128K Bytes 
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7110 



PftllLOIMlOIMABSV 



PULSE.COM( + 12V)lZZ 


• 
1 


20 


ZZDET.SUPPLY(+12V) 


REPLICATE.BCZZ 


2 


19 


ZZ DET.OUT.A+ 


REPLICATE.ACZI 


3 


18 


ZZ DET.OUT.A- 


BOOT.REPCZ 


4 


17 


ZZI DET.OUT.B+ 


BOOT.SWAPLZZ 


5 7110 


1fi 


Z~ ' OFT OUT B- 


N.C.CZZ 


. INTEL MAGNETICS 
BUBBLE MEMORY 


15 


ZZ DET.COM 


GENERATE.ACZ 




14 


ZZ SWAP B 


GENERATE.BLZZ 


8 


13 


ZZ SWAP A 


x-coilinCZ 


9 


12 


ZZY+.COIL.IN 


X + COIL.INlZZ 


10 


11 


ZZY-.COIL.IN 


NOTE THAT PINS 13 AND 14 SHOULD BE EXTERNALLY CONNECTED. 


PIN CONFIGURATION 





GENERAL FUNCTIONAL DESCRIPTION 

The Intel Magnetics 7110 is a 1 megabit bubble memory 
module organized as two identical 51 2K binary half sec- 
tions. See Major Track-Minor Loop architecture diagram. 
Each half section is in turn organized as two 256K 
subsections referred to as quads. 

The module consists of a bubble die mounted in a 
substrate that accommodates two orthogonal drive 
coils that surround the die. The drive coils produce a 
rotating magnetic field in the plane of the die when they 
are excited by 90° phase shifted triangular current 
waveforms. The rotating in-plane field is responsible for 
bubble propagation. One drive field rotation propagates 
all bubbles in the device one storage location (or cycle). 
The die-substrate-coil sub-assembly is enclosed in a 
package consisting of permanent magnets and a shield. 
The shield serves as a flux return path for the permanent 
magnets in addition to isolating the device from stray 
magnetic fields. The permanent magnets produce a bias 
field that is nearly perpendicular to the plane of the die. 
This field supports the existence of the bubble domains. 

The package is constructed to maintain a 2.5 degree tilt 
between the plane of the bias magnet faces and the 
plane of the die. This serves to introduce a small com- 
ponent of the bias field into the plane of the die. During 
operation when the drive coils are energized this small 
in-plane component is negligible. During standby or 
when power is removed the small inplane field ensures 
that the bubbles will be confined to their appropriate 
storage locations. The direction of the in-plane field in- 
troduced by the package tilt (holding field) is coincident 
with the 0° phase direction of the drive field. 



Quad Architecture 

A 7110 quad sub-section is composed of the following 
elements shown on the architecture diagram. 

1) Storage Loops 

Eighty identical 4096 bit storage loops provide a total 
maximum capacity of 327,680 bits. The excess stor- 
age is provided for two purposes: a) it allows a redun- 
dancy scheme to increase device yield; and b) it pro- 
vides the extra storage required to implement error 
correction. 



2) Replicating Generator (GEN) 

The generator operates by replicating a seed bubble 
that is always present at the generator site, (GEN). 

3) Input Track and Swap Gate 

Bubbles following generation are propagated down 
an input track. Bubbles are transferred to/from the in- 
put track from/to the 80 storage loops via series con- 
nected swap gates spaced every four propagation 
cycles along the track. The swap gate's ability to 
transfer bubbles in both directions during an opera- 
tion eliminates the overhead associated with remov- 
ing old data from the loops before new data can be 
written. The swap gate is designed to function such 
that the logical storage loop position occupied by the 
bubble transferred out of each loop is filled by the 
bubble being transferred into each loop. Transferred 
out bubbles propagate down the remaining portion of 
the input track where they are dumped into a bubble 
bucket guard rail. 

4) Output Track and Replicate Gate 

Bubbles are read out of the storage loops in a non- 
destructive fashion via a set of replicate gates. The 
bubble is split in two. The leading bubble is retained 
in the storage loop and the trailing bubble is trans- 
ferred onto the output track. Replicate gates are 
spaced every four propagation cycles along the out- 
put track. 

5) Detector 

Bubbles, following replication, are propagated along 
the output track to a detector that operates on the 
magneto-resistance principle. The cylindrical bubble 
domains are stretched into long strip domains by a 
chevron expander and are then propagated to the ac- 
tive portion of the detector. The detector consists of 
a stack of interconnected chevrons through which a 
current is passed. As the strip domain propagates 
through the stack, its magnetic flux causes a frac- 
tional change in stack resistance which produces an 
output signal on the order of a few millivolts. The 
strip domain following detection is p.ropagated to a 
bubble bucket guard rail. A "dummy" detector stack 
sits in the immediate vicinity. It is connected in 
series with the active detector and serves to cancel 
common mode pickup which originates predominate- 
ly from the in-plane drive field. 

6) Boot Loop, Boot Swap, and Boot Replicate 

One of the two quads in each half chip contains a 
functionally active Boot Storage Loop. This loop is 
used to store: 

a) A loop mask code that defines which loops 
within the main storage area should be accessed. 
Faulty loops are "masked out" by the support 
electronics. 

b) A synchronization code that assigns data ad- 
dresses (pages) to the data in the storage loops. 
Since bubbles move from one storage location to 
the next every field rotation, the actual physical 
location of a page of data is determined by the 
number of field rotations that have elapsed with 
respect to a reference. 



3-6 



7110 



PKEUIiMW 



The boot loop is read from and written into via the same 
input and output tracks as the main storage loops. 
However, it has independently accessed swap and repli- 
cate gates. The boot swap, under normal circum- 
stances, is intended only to be used during basic in- 
itialization at the factory at which time loop mask and 
synchronization codes are written. The boot replicate is 
intended to be accessed every time power is applied to 
the bubble module and its peripheral control elec- 
tronics. At such a time, the control electronics would 
read and store the mask information, plus utilize the 
synchronization information to establish the location of 
the data circulating within the loops. 
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(2x) SCREW S&SH 
#2-56x, 31 LONG 
CROSS RECESS BINDING HEAD 



PIN 1 IDENTIFICATION 



IRL 



M 







<* x ' 045±.003 U,A ' 


4x, ^r D,A 


THROUGH PLATED 


ON SOLDER TAIL 


HOLES 


SIDE OF PC boar: 




KEEP CLEAR OF 


RECOMMENDED 


ELECTRICAL LINES 


P.C. BOARD PREPARATION 


ASS'Y TOOL MAY 




CONTACT THESE 




AREA 



18 



HEAT STAKING PINS 



SOCKET OUTLINE 



PIN DESCRIPTION 

BOOT.REP (Pin 4) 

Two-level current pulse input for reading the boot loop. 
BOOT.SWAP (Pin 5) 

Single-level current pulse for writing data into the boot 
loop. This pin is normally used only in the manufacture 
of the MBM. 

DET.COM (Pin 15) 

Ground return for the detector bridge. 

DET.OUT (Pins 16 through 19) 

Differential pair (A+, A- and B+,-B-) outputs which 
have signals of several millivolts peak amplitude. 

DET.SUPPLY (Pin 20) 

+ 12 volt supply pin. 

GEN.A and GEN.B (Pins 7, 8) 

Two-level current pulses for writing data onto the input 
track. 

PULSE.COM (Pin 1) 

+ 12 volt supply pin. 

REP.A and REP.B (Pins 3 and 2) 

Two-level current pulses for replicating data from 
storage loops to output track. 

SWAP.A and SWAP.B (Pins 13, 14) 

Single-level current pulse for swapping data from input 
track to storage loops. 

X-.COIL.IN, X+.COIL.IN (Pins 9, 10) 

Terminals for the X or inner coil. 



Y-.COIL.IN, Y+.COILIN (Pins 11, 12) 

Terminals for the Y or outer coil. 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Operating Temperature 0-70°C 

Relative Humidity 95% 

Non-Volatile Storage Temperature -40 to + 100°C 

Shelf Storage Temperature (Data 

Integrity Not Guaranteed) -65°C to +150°C 

Voltage Applied to DET.SUPPLY 

or PULSE.COM , 14 Volts 

Continuous Current between 

PULSE.COM and Inputs ..'.... 10 mA 

Continuous Current between DET.COM and 

Detector Outputs . . ;.,... 1 mA 

Coil Current ,..;■:.' 0.5A D.C. 

External Magnetic Field for 

Non-Volatile Storage . ,.. 40 Oersteds 

Non-Operating Handling Shock 

■ (without socket) 200G 

Operating Vibration (2 kHz to 2 kHz 

with socket) 20G 



'COMMENT: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 
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D.C. AND OPERATING CHARACTERISTICS 

T A = 25°C 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Norn.™ 


Max. 


Ri 


Resistance: PULSE.COM to REP.A or REP.B 




20 




ohms 




R 2 


Resistance: PULSE.COM to BOOT.REP 




8 




ohms 




R 3 


Resistance: PULSE.COM to BOOT.SWAP 




17 




ohms 




R 4 


Resistance: PULSE.COM to GEN.A or GEN.B 




32 




ohms 




R 5 


Resistance: PULSE.COM to SWAP.A or SWAP.B 




120 




ohms 




Re 


Resistance: DET.COM to DET.OUT.A+ 
or DET.OUT.B+ 




640 




ohms 




R 7 


Resistance: DET.COM to DET.OUT.A- 
or DET.OUT.B- 




670 




ohms 




R 8 


Resistance: DET.COM to DET.SUPPLY 




510 




ohms 




Rx 


X Coil Resistance 




5.2 




ohms 




Ry 


Y Coil Resistance 




2.7 




ohms 




L x 


X Coil Inductance 




98.5 




mH 




L Y 


Y Coil Inductance 




79 




nH 





DRIVE REQUIREMENTS 

T A = Range specified in Table 1. 



Symbol 


Parameter 


Min. 


Nom. [1] 


Max. 


Units 


*R 


Field Rotation Frequency 


49.75 


50.000 


50.25 


KHz 


4> L 


Phase Lag from Y.COIL to X.COIL 


85 


90 


95 


Degrees 


'px 


X.COIL Peak Current 




600 




mA 


l pY 


Y.COIL Peak Current 




750 




mA 


T DX 


X.COIL Positive Turn On Phase 




270 




Degrees 


Tix 


X.COIL Positive Turn On Width 




108 




Degrees 


T 2X 


X.COIL Positive Decay Width 




72 




Degrees 


T 3 x 


X.COIL Negative Turn On Width 




108 




Degrees 


T 4X 


X.COIL Negative Decay Width 




72 




Degrees 


T DY 


Y.COIL Positive Turn On Phase 









Degrees 


Tiy 


Y.COIL Positive Turn On Width 




108 




Degrees 


T 2Y 


Y.COIL Positive Decay Width 




72 




Degrees 


T 3Y 


Y.COIL Negative Turn On Width 




108 




Degrees 


T 4 Y 


Y.COIL Negative Decay Width 




72 




Degrees 


Pt 


Total Coil Power 




1.3 




Watt 



Note: 1. Nominal values are at T A = 25 °C. 
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CONTROL PULSE REQUIREMENTS 

Nominal values at T A = 25°C. See Notes 2 and 3. 



Pulse 


Amplitude (mA) 


Phase of Leading Edge 
(Degrees) 


Width (Degrees) 


GEN.A, GEN.BCut 


64 


270 (Odd), 90 (Even) 


4.5 


GEN.A, GEN.B Transfer 


36 


270 (Odd), 90 (Even) 


90 


REP.A, REP.B Cut 


180 


270 


4.5 


REP.A, REP.B Transfer 


140 


270 


90 


SWAP 


120 


180 


517 


BOOT.REP Cut 


90 


270 


4.5 


BOOT.REP Transfer 


70 


270 


90 


BOOT.SWAP 


70 


180 


See Note 4. 



Note: 2. Pulse timing is given in terms of the phase relations as shown below. For example, a 7110 operating at f R = 50.000 kHz would have a REP.A 
transfer width of 90° which is 5 us. 



Table 1. 7110 Family 



Part Number 


T A Range 


7110 
7110-1 
7110-2 
7110-3 


0-50 °C 
0-70 °C 
10-50°C 
10-35°C 



X-Y COIL WAVEFORMS 




3. Two level pulses are described as shown below. 



(LEADING EDGE) 



CUT AMPLITUDE 



- TRANSFER WIDTH - 



-4 



TRANSFER AMPLITUDE 

L 



4. BOOT.SWAP is not normally accessed during opera- 
tion. It is utilized at the factory to write the index 
address and redundant loop information into the 
bootstrap loops before shipment. 



OUTPUT CHARACTERISTICS 

T A = 25°C unless otherwise specified. 



Symboi 


Min. 


Nom. 


Max. 


Units 


Test 
Conditions 


Si 




6 




mV 


See Figures 


So 




1 




mV 


below. 



TEST SETUP FOR OUTPUT VOLTAGE 
MEASUREMENT 



0.1 /xW^= ±15 "*' 



| 



s.m 






BELDEN 9272 TWINAX 



3&L 

— "WV- 



TEKTRONIX 
- 7A13 
« PLUG-IN 



DETECTOR OUTPUT WAVEFORMS 
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7220 
BUBBLE MEMORY CONTROLLER 



8080/8085/8088/8086 M icroprocessor 
Interface 



Interfaces Up to Eight Bubble Storage 
Subsystems 



Self-Contained Timing 



■ DMA Handshake Capability 

■ Single or Multiple Page Block 
Transfers 

■ HMOS Technology 

■ Standard 40-Pin Dual In-Line Package 



The Intel® 7220 is a complete Bubble Memory Controller (BMC) designed to provide all the interface between Intel 
Bubble Memories and standard microprocessors such as the 8080, 8085, 8088, and 8086. 

The 7220 has self-contained timing generation and DMA handshake capability. Single and/or multiple page block 
transfer capability is supported. 

The 7220 is capable of interfacing with up to eight BPK70 one megabit bubble storage subsystems. 

The 7220 uses Intel's high performance HMOS technology. The 7220 is packaged in a standard 40-pin dual in-line 
package. All inputs and outputs are directly TTL compatible and the device uses a single +5 volt supply. 



PIN CONFIGURATION 



PWR.FAIL £ 


1 


" 40 


3 v C c 


RESET.OUT L 


2 


39 


3 xT 


CLK C 


3 


38 


3 ^ 


RESET C 


4 


37 


3 yT 


RD E 


5 


36 


3 Y= 


WR C 


6 


35 


3 trO 


DACK C 


7 


34 


3 tlO 


DRC C 


8 


33 


I] REP.EN 


INT C 


9 32 
7220 


3 BOOT. EN 


Ao C 


10 BMC 31 

11 30 


3 SWAP.EN 


Do C 


J BOOT.S.EN 


DlL 


12 


29 


3 C/D 


D 2 C 


13 


28 


3 deTon 


D 3 C 


14 


27 


3 ERR.FLG 


°4 C 


15 


26 


3 RESERVED 


DsC 


16 


25 


3 BUS.RD 


OsL 


17 


24 


_] SHIFT.CLK 


OrL 


18 


23 


3 SYNC 


N.C. C 


19 


22 


3 DIO 


GND C 


20 


21 


3 cs 



T0 A K 
8086 AK 

8085 < ) 

8088 Y~y 

8086 



MEMORY 

CONTROLLER 

<BMC) 



A- 
Vi 



F»^ 



^ 



3i 



7250 
COIL PREDRIVER 



ZE 



2 x 7254 

DRIVER 

TRANSISTORS 



7242 
FORMATTER/ 
SENSE 
AMP 
(FSA) 



t 



A£ 



7110 

ONE MEGABIT 

BUBBLE 

MEMORY 

UNIT 

(MBM) 



^>: 



A 



7230 

CURRENT 

PULSE 

GENERATOR 

" (CPG) 




| BPK70 BUBBLE STORAGE SUBSYSTEM I 



Block Diagram of a 128K Byte Bubble Storage System 
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HARDWARE DESCRIPTION 

The 7220 Bubble Memory Controller Is packaged in a 
40-pin Dual In-Line Package (DIP). The following lists the 
individual pins and describes their function. 



Pin Description 



Signal Name 


Pin No. 


I/O 


Source/Destination 


Description 


Vcc 


40 


I 




+ 5 Vdc Supply 


GND 


20 


I 




Ground 


PWR.FAIL 


1 


I 


7230 CPG 


A low forces a controlled stop sequence and holds 
THE BMC in an IDLE state (similar to RESET). 


RESET.OUT 


2 





7250 CPD/7242 FSA 
7230 Reference 
Current Switch 


An active low signal to disable external logic 
initiated by PWR.FAIL or RESET signals, but not 
active until a stopping point in a field rotation is 
reached (if the BMC is causing the bubble 
memory drive field to be rotated). 


CLK 


3 


I 


Host Bus 


4 MHz, TTL-level clock. 


RESET 


4 


I 


Host Bus 


A low on this pin forces the interruption of any 
BMC sequencer activity, performs a controlled 
shut-down, and initiates a reset sequence. After 
the reset sequence is concluded, a low on this pin 
causes a low on the RESET.OUT pin, furthermore, 
the next BMC sequencer command must be either 
the Initialize or Abort command; all other 
commands are ignored. 


RD 


5 


I 


Host Bus 


A low on this pin enables the BMC output data to 
be transferred to the host data bus (D -D 8 ). 


WR 


6 


I 


Host Bus 


A low on this pin enables the contents of the host 
data bus (D -D 8 ) to be transferred to the BMC. 


DACK 


7 


I 


Host Bus 


A low signal is a DMA acknowledge. This 
notifies the BMC that the next memory cycle is 
available to transfer data. This line should be 
active only when DMA transfer is desired and the 
DMA ENABLE bit has been set. CS should not be 
active during DMA transfers except to read status. 
If DMA is not used, DACK requires an external 
5.1 K ohm to V cc . 


DRQ 


8 





Host Bus 


A high on this pin indicates that a data transfer 
between the BMC and the host memory is being 
requested. 


INT 


9 





Host Bus 


A high on this pin indicates that the BMC has a 
new status and requires servicing when enabled 
by the host CPU. 


A 


10 


I 


Host Bus 


A high on this pin selects the command/status 
registers. A low on this pin selects the data 
register. 


D -D 7 


11-18 


I/O 


Host Bus 


Host CPU data bus. An eight-bit bidirectional 
port which can be read or written by using the 
RD and WR strobes. D shall be the LSB. 


D 8 


19 


I/O 


Host Bus 


Parity bit. 
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Pin Description (cont.) 



Signal Name 


Pin No. 


I/O 


Source/Destination 


Description 


CS 


21 


I 


Host Bus 


Chip Select Input. A high on this pin shall disable 
the device to all but DMA transfers (i.e., it ignores 
bus activity and goes into a high impedance state). 


DIO 


23 





7242 FSA 


A bidirectional active high data line that shall be 
used for serial communications with 7242 FSA 
devices. 


SYNC 


23 





7242 FSA 


An active low output utilized to create time 
division multiplexing slots in a 7242 FSA chain. It 
shall also indicate the beginning of a data or 
command transfer between BMC and 7242 FSA. 


SHIFT.CLK 


24 





7242 FSA 


A controller generated clock that initiates data 
transfer between selected FSAs and their 
corresponding bubble memory devices. The timing 
of ShFT.CLK shall vary depending upon whether 
data is being read or written to the bubble 
memory. 


BUS.RD 


25 







An active low signal that indicates that the DIO 
line is in the output mode. It shall be used to 
allow off-board expansion of 7242 FSA devices. 


WAIT 


26 


I/O 




A bidirectional pin that shall be tied to the WAIT 
pin on other BMCs when operated in parallel. It 
shall indicate that an error has been detected 
and that the BMCs should halt until the type of 
error has been determined. An open drain, active 
low signal. (Requires an external pullup resistor 
which is >5K ohm to V cc .) 


ERR.FLG 


27 


I 


7242 FSA 


An active low input generated externally by 7242 
FSA indicating that an error condition exists. 
(Requires an external pullup resistor which is 
>5K ohm to V C c-) 


DET.ON 


28 







An active low signal that indicates the system is 
in the read mode and may be detecting. It is useful 
for power saving in the MBM. 


C/D 


29 





7242 FSA 


A high on this line indicates that the BMC is 
beginning an FSA command sequence. A low on 
this line indicates that the BMC is beginning a 
data transmit or receive sequence. 


BOOT.SW.EN 


30 





7230 CPG 


An active low signal which may be used for 
anabling the BOOT.SWAP of the 7230 CPG. 


SWAP.EN 


31 





7230 CPG 


An active low signal used to create the swap 
function in external circuits. 


BOOT.EN 


32 





7230 CPG 


An active low signal enabling the bootstrap loop 
replicate function in external circuitry. 


REP.EN 


33 





7230 CPG 


An active low signal used to enable the replicate 
function in external circuitry. 


TM.B 


34 





7230 CPG 


An active low timing signal generated by the 
decoder logic for determining TRANSFER pulse 
width. 


WTK 


35 





7230 CPG 


An active low timing signal generated by the 
decoder logic for determining CUT pulse width. 


Y 3 , Y+, 
X-,X+ 


36-39 





7250 CPD 


Four active low timing signals generated by the 
decoding logic and used to create coil drive 
currents in the bubble memory device. 



*Not used in minimum (128K byte) system. 
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FUNCTIONAL DESCRIPTION 

The 7220 Bubble Memory Controller provides the user 
interface to the bubble memory system. The BMC 
generates all memory system timing and control, main- 
tains memory address information, interprets and exe- 
cutes user request for data transfers, and provides a 



Microprocessor-Bus compatible interface for the mag- 
netic bubble memory system. 

Figure 2 is a block diagram of the 7220 Bubble Memory 
Controller (BMC). The following paragraphs describe the 
functions of the individual elements of the BMC. 



WATT 

DET.ON 
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Figure 2. 7220 Bubble Memory Controller (BMC), Block Diagram 



System Bus Interface— The System Bus Interface (SBI) 
logic contains the timing and control logic required to 
interface the BMC to a non-multiplexed bus. The logic 
also contains the circuitry to check and generate odd 
parity on transfers across the bus. The interface has in- 
put data, output data, and status data latches. The BMC 
can interface asynchronously to the host CPU. With a 
4-MHz clock, it is capable of sustaining a 1.3 Mbyte per 
second transfer rate, while data space is available in the 
BMC FIFO. 

FIFO— The FIFO consists of a 40x8 bit FIFO RAM for 
data storage. The FIFO block also contains input and 
output data latches, providing double data buffering, to 
improve the R/W cycle times seen at the system bus in- 
terface. The FIFO may be used as a general purpose 
FIFb when a command is not being executed by the 
BMC Sequencer. In this mode, the FIFO READY status 
bit becomes a FIFO not-empty indicator indicating that 



the RAM and input/output latches have at least one byte 
of data. 

DMA and Interrupt Logic— The DRQ pin has two func- 
tions: 

(1) If the DMA enable bit in the enable registe r is set, 
the DRQ pin, in conjunction with the DACK pin, pro- 
vides a standard DMA transfer capability; i.e., it has 
the ability to handshake with an 8257 or 9517/8237 
DMA controller chip. 

(2) If the DMA enable bit is reset, the DRQ pin acts as a 
"ready for data transfer interrupt" pin. It becomes 
active when 22 bytes may be read from or written in- 
to the BMC; it is reset when this condition no longer 
exists. 

Register File— The register file contains 7 eight-bit 
registers that are accessible by the host CPU. Refer to 
the Register Section for details. 
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MBM Address Logic and RAM— The MBM address logic 
consists of the block length counter, starting address 
counter, adder, and MBM Address RAM. The MBM Ad- 
dress RAM is used to store the next available page ad- 
dress for each of up to 8 dual FSAs. The address main- 
tained is the read address, the write address is 
generated when needed by adding a constant to the 
stored read address. 

The block length counter enables multiple page trans- 
fers of up to 2048 pages in length. 

The starting address counter is used as a register to 
hold the desired start address. Once the start address is 
reached, the counter is incremented on each subse- 
quent page transfer so that its value is equal to the pre- 
sent read/write address. 

DIO Bootloop Decoder/Encoder— Performs parallel-to- 
serial and serial-to-parallel conversions between the 
FIFO data and the serial bit stream o n the DIO line. This 
block also generates the BUS.RD signal, which indi- 
cates the direction of data transfer on the DIO line (this 
is useful in situations which require external buffering 
on the DIO line). This block also contains the circuitry 
which decodes the bootloop data during a Read 
Bootloop or Initialize operation, and encodes the boot- 
loop data during a Write Bootloop operation. 

Sequencer— Controls the execution of commands by 
decoding the contents of its own internal ROM in which 
the BMC firmware is located. This block also sets and 
resets flags and status bits, and controls actions in 
other parts of the BMC. 

Power Fail and Reset— Provides a means of resetting 
the bubble systems in an orderly manne r, when acti- 
vated by the PWR.FAIL signal, the RESET signal, or the 
Abort command. 

FSA Select Logic block contains the logic which con- 
trols the timing of the interaction between the BMC and 
the FSAs. The FSA selection is determined by the four 
high-order bits in the BLR and the four high-order bits in 
the AR, both set by the user. 

Bubble Signal Decoder block contains the logic for 
creating all the MBM timing signals. The BMC to bubble 
memory interface consists of active low timing signals. 
The starting and stopping point of each signal is deter- 
mined by the decoder logic. Each signal may occur 
every field rotation or only once in a number of field rota- 
tions. The field rotation in which a timing pulse occurs 
is controlled by the sequencer logic. 

Figure 3 and Table 1 illustrate the typical timing signals 
for the BMC. These signals are described in the follow- 
ing paragraphs. 

X+, X^, Y+, and Y^ go to the 7250 GPDs, and are 
used to enable the coil drive currents in the MBMs. 



Table 1. 7220 BMC Timing (Degrees) 



TM.A and TM.B go to the 7230 CPGs, and are used to 
determine, respectively, the pulse widths for the CUT 
and TRANSFER functions used in replicating and gen- 
erating the bubbles. 



Signal 


Start 


Width 


End 


X + 


270° 


108° 


378° 


7+ 


0° 


108° 


108° 


)T= 


90° 


108° 


198° 


Y- 


180° 
270° 


108° 
4.5° 


288° 
274.5° 


TM.A (ODD) 


TM.A (EVEN) 


90° 


4.5° 


94.5° 


TM.B (ODD) 


270° 


90° 


360° 


TM.B (EVEN) 


90° 


90° 


180° 


BOOT.EN 


252° 
252° 


108° 
108° 


360° 
360° 


REP.EN 


SWAP.EN 


180° 


5.7° 


697° 


BOOT.SW.EN 


180° 


DC* 


180° 


SHIFTCLK(RD) 


186.75° 


99° 


285.75° 


SHIFTCLK(WRT) 


72° 


288° 


360° 



*Stays low for 4118 field rotation periods when writing the MBM 
Bootloop. 



SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN all go 
to the 7230 CPG. They are used to enable, respectively, 
the data swap, data replicate, boot swap, and boot 
replicate functions within the MBMs. 



SHIFT.CLK goes to the FSAs. It is used to control the 
timing of events at the interface between each FSA and 
its corresponding MBM. (Refer to 7242 FSA Specifica- 
tion for a description of the BMC/FSA interface.) 



SYNC and C/D control the serial communications be- 
tween the BMC and the FSAs (on the DIO line). 

USER-ACCESSIBLE REGISTERS 

The user operates the bubble memory system by read- 
ing from or writing to specific registers within the bub- 
ble memory controller (BMC). The following paragraphs 
identify these registers and gives brief functional 
descriptions, including bit configurations and address 
assignments. 

Register Addressing 

Selection of the user-accessible registers depends on 
register address information sent from the user to the 
BMC. This address information is sent via a single ad- 
dress line (designated A ) and also via data lines D 
through D 4 . 

Both Command Register (CMDR) and Register Address 
Counter (RAC) are 4-bit registers which are loaded from 
D -D 3 . The status register is selected and read by a 
single read request, The command register is selected 
and loaded by a single write request. The remaining 
registers are accessed by a two-stage process, in which 
the desired register is first selected by placing its ad- 
dress in the RAC, and then read or written with a subse- 
quent read or write request. 
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Figure 3. 7220 BMC Timing Diagram 



Table 2 gives a complete listing of the address assign- 
ments for the user-accessible registers. The registers 
are listed in two groups. The first group (STR, CMDR, 
RAC) consists of those registers that are selected and 
accessed in one operation. The second group (UR, BLR, 
ER, AR, FIFO) consists of those registers that are 
selected according to the contents of RAC. 



Table 2. Address Assignments for the 
User-Accessible Registers 



A0 D7 D6 D5 D4 D3 02 D1 DO 


Symbol 


Name of Register 


Read/Write 


1 1 c c c c 


CMDR 


Command 
Register 


Write Only 


10000BBBB 


RAC 


Register Address 
Counter 


Write Only 


issssssss 


STR 


Status Register 


Read Only 











Table 2 


. (cont.) 






RAC 










A0 


B3 B2 


B1 


B0 


Symbol 


Name of Register 


Read/Write 





1 


1 





UR 


Utility Register 


Read or Write 





1 


1 


1 


BLR LSB 


Block Length 
Register LSB 


Write Only 





1 1 








BLR MSB 


Block Length 
Register MSB 


Write Only 





1 1 





1 


ER 


Enable Register 


Write Only 





1 1 


1 





ARLSB 


Address Register 
LSB 


Read or Write 





1 1 


1 


1 


ARMSB 


Address Register 
MSB 


Read or Write 














FIFO 


FIFO Data Buffer 


Read or Write 



SSSSSSSS = 8-bit status information returned to the user from the STR 
CCCC = 4-bit command code sent to the CMDR by the user. 
BBBB = 4-bit register address sent to the RAC by the user. 
B3B2B1 B0 = 4-bit contents of RAC at the time the user makes a read or 
write request with A0 = 0. 
LSB= Least Significant Byte 
MSB= Most Significant Byte 
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The register file contains the registers with address 
1010 through 1111. These registers are also called 
parametric registers because they contain flags and 
parameters that determine exactly how the BMC will 
respond to commands written to the CMDR. 

To facilitate such operations, the BMC automatically in- 
crements the RAC by one count after each transfer of 
data to or from a parametric register. 

The RAC increments from the initially loaded value 
through address 1111 and then on to 0000 (the FIFO ad- 
dress). When it has reached 0000, it no longer incre- 
ments. All subsequent data transfers (with A0 = 0) will 
be to or from the FIFO until such time as the RAC is 
loaded with a different register address. 

REGISTER DESCRIPTIONS 

Command Register (CMDR) 4 Bits, Write Only 

The user issues a command to the BMC by writing a 
4-bit command code to the CMDR. 

Table 3 lists the 4-bit command codes used to issue the 
sixteen commands recognized by the BMC: 

Table 4 is a listing of the commands and their functions. 





Table 3. Command Code Definitions 


D3 


D2 


D1 


D1 


Command Name 
















1 


Write Bootloop Register Masked 
initialize 








1 





Read Bubble Data 








1 


1 


Write Bubble Data 





1 








Read Seek 







1 
1 
1 






1 
1 




1 



1 




Read Bootloop Register 
Write Bootloop Register 
Write Bootloop 
Read FSA Status 










1 


Abort 







1 





Write Seek 






1 


1 




1 




Read Bootloop 
Read Corrected Data 




1 





1 


Reset FIFO 




1 
1 


1 
1 




1 


MBM Purge 
Software Reset 



The most commonly used commands in normal opera- 
tion are: 

Initialize 

Read Bubble Data 

Write Bubble Data 

Seek 

Write Seek 

Abort 

MBM Purge 

Read Corrected Data 

Reset FIFO 

Software Reset 

Read FSA Status 



Commands relating to the bootloop, and used only for 
diagnostic purposes, are: 

Read Bootloop Register 
Write Bootloop Register 
Write Bootloop Register Masked 
Read Bootloop 
Write Bootloop 

Status Register (STR) 8 Bits, Read Only 

The user reads the BMC status register in response to 
an interrupt signal, or as part of the polling process in a 
polled data transfer mode. The status register provides 
information about error conditions, completion or ter- 
mination of commands, and about the BMC's readiness 
to transfer data or accept new commands. The in- 
dividual bit descriptions are as follows: 

STATUS REGISTER 



FIFO READY 
-► PARITY ERROR 
-*• UNCORRECTABLE ERROR 
-»► CORRECTABLE ERROR 
-*• TIMING ERROR 
-*■ OP FAIL 
-► OP COMPLETE 



BUSY (when = 1) indicates that the BMC is in the 
process of executing a command. When equal to 
0, BUSY indicates that the BMC is ready to receive 
a new command. In the case of a read command, 
BUSY may also indicate that the data bus has not 
been completely removed from the FIFO, and that 
DRQ is still active. BUSY will then drop as soon as 
DRQ does (after the user has finished reading the 
data remaining in the FIFO). 

OP COMPLETE (when=1) indicates that an FSA 
has reported a timing error to the BMC, or that the 
host system has failed to keep up with the BMC, 
thereby causing the BMC FIFO to overflow or to 
become empty. TIMING ERROR is also set if no 
bootloop sync word is found during initialization, 
or if a Write Bootloop command is issued when 
the WRITE BOOTLOOP ENABLE bit is equal to 
zero in the enable register. 

CORRECTABLE ERROR (when=1) indicates that 
a FSA has reported to the BMC that a correctable 
error has been detected in the last data block 
transferred. 

UNCORRECTABLE ERROR (when=1) indicates 
that an FSA has reported to the BMC that an un- 
correctable error has been detected in the last 
data block transferred. 

PARITY ERROR (when=1) indicates that the 
BMC's parity check circuitry has detected a parity 
error on a^'ata byte sent to the BMC by the user on 
the data lines D -D 8 . 
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FIFO READY has two functions. The FIFO READY 
functions are as follows: 



FIFO 


READ 


WRITE 


READY 


BUSY 


1 


1 


data in 
FIFO 


space in 
FIFO 





1 


no data 


no space 


1 







— data in FIFO — 

— FIFO empty — 



STR Bits 1 through 6 are reset when a new com- 
mand is issued. They may also be reset by making 
a write request (WR=0) to the BMC with A = 0, 
D 4 =1 and D 5 =1 (that is, writing the RAC with 
D 5 =1). 

Enable Register (ER) 8 Bits, Write Only 

The user sets various bits of the enable register to 
enable or disable various functions within the BMC or 
the FSAs. The individual bit descriptions are as foiiows: 

ENABLE REGISTER 



-*«• INTERRUPT ENABLE (NORMAL) 

-»- INTERRUPT ENABLE (ERROR) 

-► DMA ENABLE 

-+» MAXIMUM FSA-BMC TRANSFER RATE 

-»► WRITE BOOTLOOP ENABLE 

-H*- ENABLE RCD 

-*- ENABLE ICD 

-** ENABLE PARITY INTERRUPT 



In the above figure and in the text below, the following 
abbreviations are used: 

ICD = INTERNALLY CORRECT DATA 
RCD = READ CORRECTED DATA 
UCE = UNCORRECTABLE ERROR 
CE = CORRECTABLE ERROR 
TE = TIMING ERROR 

ENABLE PARITY INTERRUPT enables the BMC to 
interrupt the host system (via the INT line) when 
the BMC detects a parity error on the data bus 
lines Drj-D 7 . 

ENABLE ICD enables the BMC to give the Inter- 
nally Correct Data command to an FSA when an er- 
ror has been detected by the FSA's error detection 
and correction circuitry. The FSA responds to 
such a command by internally cycling the data 
through its error correction network. When finish- 
ed, the FSA returns status to the BMC as to 
whether or not the error is correctable. The value 
of ENABLE ICD affects the action of INTERRUPT 
ENABLE (ERROR). 



ENABLE RCD enables the BMC to give the Read 
Corrected Data command to an FSA in which an 
error has been detected. This causes the FSA to 
correct the error (if possible) and also to transfer 
the corrected data to the BMC. The Read Cor- 
rected Data command is also used to read into the 
BMC data previously corrected by the FSA in 
response to an Internally Correct Data command. 
In either case, when the data transfer has been 
completed, the BMC can read FSA status to deter- 
mine whether or not the error was correctable. In 
the case of an uncorrectable error, bad data may 
have been sent to the user. The value of ENABLE 
RCD affects the action of INTERRUPT ENABLE 
(ERROR). 

WRITE BOOTLOOP ENABLE (when=1) enables 
the bootloop to be written. If this bit is equal to 
zero, and a Write Bootloop command is received 
by the BMC, the command is aborted and the TIM- 
ING ERROR bit is set in the STR. 

MFBTR controls the maximum burst transfer rate 
from FSA(s) to BMC FIFO. This rate is variable on 
the "last page" of a multiple page transfer, (In one 
page transfers the last page is the only page.) See 
Table 4 for effects of this bit on the various 7220 
commands. 

Table 4. MFBTR Bit Definitions 



Number 
of MBMs 
Operated 
in Parallel 


Maximum 

Required 

Host Interface 

Data Rate 


MFBTR Bit 


Read Command 


Write Command 


1 


50K byte/sec 





N/A 


2 


100K byte/sec 





N/A 


4 


200K byte/sec 





N/A 


8 


400 K byte/sec 





N/A 


1 


125K byte/sec 


1 





2 


25K byte/sec 


1 





4 


50K byte/sec 


1 





8 


100K byte/sec 


1 






NOTE: The MFBTR bit should always be set to "0" for all commands 
except "READ." 

DMA ENABLE (when=1) enables the BMC to 
oper ate in DMA data transfer mode, using the DRQ 
and DACK signals in interaction with a DMA con- 
troller. When equal to zero, DMA ENABLE sets up 
the controller to support interrupt driven or polled 
data transfer. 

INTERRUPT ENABLE (ERROR) selects error condi- 
tions under which the BMC stops command exe- 
cution and interrupts the host processor (via the 
INT line). INTERRUPT ENABLE (ERROR) operates 
in conjunction with ENABLE ICD and ENABLE 
RCD. 
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Interrupt 




Enable 


Enable 


Enable 




ICD 


RCD 


(ERROR) 


Interrupt Action 











No interrupts due to errors 








1 


Interrupt on TE only 





1 





Interrupt on UCE or TE 





1 


1 


Interrupt on UCE, CE, orTE 


1 








Interrupt on UCE or TE 


1 





1 


Interrupt on UCE, CE, or TE 


1 


1 





Not used 


1 


1 


1 


Not used 



ADDRESS REGISTER MSB 
!7|e|5|4|l|2|l|0| 



ADDRESS REGISTER LSB 

I 7 I 6 I 5 I 4 I 3 I 2 I 1 



INTERRUPT ENABLE (NORMAL) (when=1) 
enables the BMC to interrupt the host system (via 
the INT line), when a command execution has been 
successfully completed (OP COMPLETE = 1 in the 
STR). 

Utility Register (UR) 8 Bits, Read or Write 

The utility register is a general purpose register avail- 
able to the user in connection with bubble memory 
system operations. It has no direct effect on the BMC 
Operation, but is provided as a convenience to the user. 

Block Length Register (BLR) 16 Bits, 
Write Only 

The contents of the block length register determine the 
system page size and also the number of pages to be 
transferred in response to a single bubble data read or 
write command. The bit configuration is as follows: 



BLOCK LENGTH REGISTER MSB 



BLOCK LENGTH REGISTER LSB 



|r|i|..|4-i,|ir7T7l hhhhhhFTn 



NUMBER OF FSA 
CHANNELS (NFC) 



NUMBER OF PAGES TO BE TRANSFERRED 



The system page size is proportional to the number of 
magnetic bubble memory modules (MBMs) operating in 
parallel during the data read or write operation. Each 
MBM requires two FSA channels. Bits 4 through 7 of 
BLR MSB actually specify the number of FSA channels 
to be accessed. 

The BLR LSB, together with the 3 least significant bits 
of the BLR MSB, specify the number of pages to be 
transferred. Up to 2048 pages can be transferred in 
response to a single bubble data read or write com- 
mand, hence the requirement for 11 bits. All 11 bits 
equal to zero specifies a 2048 page transfer. 

Address Register (AR) 16 Bits, Read or Write 

The contents of the address register determine which 
MBM group is to be accessed, and, within that group, 
what starting address location shall be used in a data 
read or write operation. The bit configuration is as 
follows: 



m 



MBM SELECT 



STARTING ADDRESS WITHIN EACH MBM 



Within each MBM there are 2048 possible starting ad- 
dress locations for a data read or write operation, hence 
the requirement for 11 bits in the starting address. 

The selection of the MBMs to be read or written is 
specified by AR MSB Bits 3-6. The BMCs interpretation 
of these bits depends on the number of MBMs in a 
group, which is specified by BLR MSB Bits 4-7. 

Table 5 shows which MBM groups are selected in 
response to given values for BLR MSB Bits 4-7 and AR 
MSB Bits 3-6. A 1 -megabyte system (8 MBMs) is 
represented, with the FSA channels numbered 
through F: 



Table 5. Selection of FSA Channels 



AR MSB Bits 
(6,5,4,3) 


BLR MSB Bits (7,6,5,4) 


0000 


0001 


0010 


0100 


1000 


0000 





0,1 


0,1,2,3 


to 7 


OtoF 


0001 


1 


2,3 


4,5,6,7 


8toF 




001 


2 


4,5 


8,9,A,B 






001 1 


3 


6,7 


C,D,E,F 






0100 


4 


8,9 








0101 


5 


A,B 








0110 


6 


C,D 








0111 


7 


E,F 








1000 


8 










1001 


9 










1010 


A 










101 1 


B 










1 100 


c 










1101 


D 










1110 


E 










1111 


F 











As explained above, the accessing of single FSA chan- 
nels is done only as part of diagnostic processes. AR 
MSB Bit 7 is not used. 

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or 
Write 

The BMC FIFO is a 40-byte buffer through which data 
passes on its way from the FSAs to the user, or from the 
user to the FSAs. The FIFO allows the data transfer to 
proceed in an asynchronous and flexible manner, and 
relaxes timing constraints, both to the FSAs and also to 
the user's equipment. The user's system must, however, 
meet the data rate requirements. When the BMC is busy 
(executing a command) the FIFO functions as a data 
buffer. When the BMC is not busy, the FIFO is available 
to the user as a general purpose FIFO. 
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FUNCTIONAL OPERATION 

The IC components used in the bubble memory systems 
have been designed with transparency in mind— that is, 
a maximum number of operations are handled by the 
hardware and firmware of these components. 

Each one-Megabit Bubble Memory (MBM) operates in its 
own domain, and is unaffected by the number of bubble 
memories in the system. The roles played by the MBM's 
immediate support circuitry can be described as if the 
system contained only one MBM module. 

Data Flow Within the Magnetic Bubble 
Memory (MBM) System 

During a read operation, data flows as follows: The 
data from the MBM is input to the Formatter/Sense 
Amplifier (FSA). Data from each channel (A channel or B 
channel) of the MBM goes to the corresponding channel 
of the FSA. In the FSA, the data is paired up with the cor- 
responding bit in the FSA's bootloop register to deter- 
mine whether it represents data from a 'good' loop. If it 
does, the data bit is stored in the FSA FIFO. Error detec- 
tion and correction (if enabled by the user) is applied to 
each block of 256 data bits. 

From the FSA FIFO, data is sent to the bubble memory 
controller (BMC) in the form of a serial bit. stream, via a 
one-line bidirectional data bus (DIO). The data is multi- 
plexed onto the DIO line, with data bits coming alter- 
nately fro m the A and B chann els of the FS A. The BMC 
outputs a SYNC pulse to the SELECT.IN input of the 
FSA. The FSA responds by placing a data bit from the A 
channel FIFO on the DIO line. One clock cycle later, a 
data bit from the B channel FIFO i s place d on the DIO 
line. The BMC continues to output SYNC pulses, once 



every 80 clock cycles, each time receiving two data bits 
in return. 

In the BMC, the data undergoes serial-to-parallel conver- 
sion, and is assembled into bytes, which are then placed 
in the BMC FIFO, which can hold 40 bytes of data. From 
this FIFO, the data bytes are written onto the user inter- 
face. 

During a write operation, the data flow consists of the 
corresponding operations in the reverse order. 



Multiple-MBM Systems 

The 7220 BMC can interface up to 8 one-megabit BPK70 
Bubble Storage subsystems. The data flow in a multiple- 
BPK70 system is in most respects similar to that which 
occurs in a one-BKP70 subsystem. The difference is in 
the time-division multiplexing that occurs on the DIO 
bus line between the BMC and the FSAs. 

For data transfer operations, the BMC may exchange 
data with as few as two FSA channels (one BPK70) or as 
many as 16 FSA channels (eight BPK70s). 

SOFTWARE INTERFACE— The general procedure for 
communicating with the BMC is: 

Pass parameters to the BMC by loading the 

registers. 

Send the desired command. 

Read the status/command register until BMC is not 

busy (or use "INT" pin). 

Examine the status register to determine whether 

the operation was successful. 



DETAILED COMMAND DESCRIPTIONS 



Initialize 



Read Bubble Data 



Write Bubble Data 



Read Seek 



The BMC executes the Initialize command by first interrogating the bubble system to 
determine how many FSAs are present, then reading and decoding the bootloop from 
each MBM and storing the results in the corresponding FSA's bootloop register. 

The Read Bubble Data command causes data to be read from the MBMs into the BMC 
FIFO. The selection of the MBMs to be accessed and the starting address for the read 
operation is specified in the address register (AR). The block length register (BLR) 
specifies the number of system pages to be read. 

The Write Bubble Data command causes data to be read from the BMC FIFO and 
written into the MBMs. The selection of the MBMs to be accessed and the starting 
address for the write operation is specified in the address register (AR). The block 
length register (BLR) specifies the number of system pages to be written. 

The Read Seek command rotates the selected MBMs to a designated page address 
location. No data transfer occurs. The positioning is such that the next data location 
available to be read is the specified (in AR) page address plus one. The Read Seek 
command may be used to reduce latency (access time) in cases where information is 
available for the user to predict the location of an impending read reference to the 
MBMs. 
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Detailed Command Descriptions (cont.) 



Write Seek 



Abort 



MBM Purge 



Read Corrected Data 



Software Reset 



Read FSA Status 



Read Bootloop 
Register 

Write Bootloop 
Register 

Write Bootloop 
Register Masked 



Read Bootloop 
Write Bootloop 



The Write Seek command rotates the selected MBMs to a designated page address 
location. No data transfer occurs. The positioning is such that the next data location 
available to be written is the specified (in AR) page address plus one. The Write Seek 
command may be used to reduce latency (access time) in cases where information is 
available for the user to predict the location of an impending write reference to the 
MBMs. 

The Abort command causes a controlled termination of the command currently being 
executed by the BMC. The Abort command will be accepted by the BMC (and is 
typically issued) when the BMC is busy. 

The MBM Purge command clears all BMC registers, counters, and the MBM address 
RAM, except it does not clear the block length register, the NFC bits, the FSA present 
counter, or the four high-level bits of the address register. 

The Read Corrected Data command causes the BMC to read into the BMC FIFO a 
256-bit block of data from the FIFO of each selected FSA channel, after an error has 
been detected. The data cycles through the error correction network of the FSA. After 
the data has been read, the FSA reports to the BMC whether or not the error was 
correctable. The Read Corrected Data command is used only when the system is in error 
correction mode (ENABLE ICD or ENABLE RCD set in the ER). 

The Software Reset command clears the BMC FIFO and all registers, except those 
containing initialization parameters. It also causes the BMC to send the Software 
Reset command to selected FSAs in the system. No reinitialization is needed after 
this command. 

The Read FSA Status command causes the BMC to read the 8-bit status register of all 
FSAs, and to store this information in the BMC FIFO. The Read FSA Status command is 
independent of all parametric registers. 

The Read Bootloop Register command causes the BMC to read the bootloop register of 
the selected FSA channels and to store this information in the BMC FIFO. Twenty 
bytes are transferred for each FSA channel selected. 

The Write Bootloop Register command causes the BMC to write the contents of the 
BMC FIFO into the bootloop register(s) of the selected FSA channels. Twenty bytes 
are needed for each FSA channel selected. 

Proper operation of the FSAs during data transfer to or from the MBMs requires that the 
bootloop register contain (if error correction is used) exactly 270 logic 1s for each 
FSA bootloop register. The user may select any subset of 270 "good" loops from the 
total number of available loops (if error correction is not used, 270 replaced by 272). As 
an alternative, the Write Bootloop Register Masked command may be used. This 
command counts the number of logic 1s and masks out the remaining 1s after the 
proper count has been reached. 

The Read Bootloop command causes the BMC to read the bootloop from the 
selected MBM, and to store the decoded bootloop information in the BMC FIFO. 

The Write Bootloop command causes the existing contents of the selected MBM's 
bootloop to be replaced by new bootloop data based on 40 bytes of information stored 
in the FIFO (the user must actually write 41 bytes, where the 41st byte is all 0s). 
Encoding of the bootloop data is done by the BMC hardware. 
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ABSOLUTE MAXIMUM RATINGS 

Temperature under bias - 10°Cto +80°C 

Storage Temperature -65°C to + 150°C 

All Input or Output Voltages and 

V cc Supply Voltage - 0.5V to 7V 



'NOTICE: Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C; V CC = 5.0V 


±5%) 








Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


V,L 


Input Low Voltage 




0.8 


V 




V,H 


Input High Voltage 


2.0 




V 




V OL(1) 


Output Low Voltage 




.45 


V 


l i_=3.2 mA 


(All outputs except DET.ON, BUS.RD, 
SHIFT.CLK, and SYNC 


V OL(2) 


Output Low Voltage 




.45 


V 


101=1-6 mA 


DET.ON, BUS.RD, SHIFT.CLK, SYNC 


VOH 


Output High Voltage 


2.4 




V 


l O H = 400p<A 


Hid 


Input Leakage Current 




10 


mA 


< V| N < V cc 


I"ofl! 


Output Float Leakage 




10 


ma 


0.45 <V 0U T< V cc 


'cc 


Power Supply Current from V C c 




50 


mA 





A.C. CHARACTERISTICS 

T A =0°Cto +70°C; V C c = 5.0V±5%; C L =150 pF, unless otherwise noted. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


t P 


Clock Period 


250 




ns 




*o . 


Clock Phase Width 


.45 t P 


.55 t P 






t R -t F 


Input Signal Rise and Fall Time 




30 


ns 




FSA Interface Timings 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tCDV 


CLK to DIO Valid Delay 




100 


ns 




tCDF 


CLK to DIO Entering Float 




220 


ns 




tCDE 


CLK to DIO Enabled from Float 




100 


ns 




tCDH 


CLK to DIO Hold Time 







ns 




tcSOL 






100 


ns 


C L =50pF 


CLK to SYNC Leading Edge Delay 


tcSOT 


CLK to SYNC Trailing Edge Delay 




100 


ns 


C L =50pF 


tDC 


DIO Setup Time to Clock 


70 




ns 




tDHC 


DIO Hold Time from Clock 







ns 




tcOL 


CLK to Output Leading Edge 


150 




ns 




tcOT 


CLK to Output Trailing Edge 







ns 




*EW 


ERR. FLG Pulse Width 


200 




ns 




*SCFT 


SHIFTCLKto Y- Trailing Edge 


80 


180 


ns 
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A.C. CHARACTERISTICS 

T A =0°C to 70°C; V cc =5.0±5%; C L =150 pF unless otherwise noted. 

Read Cycle (Host Interface) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tAC 


Select Setup to RD 







ns 




tCA 


Select Hold from RD 


10 




ns 




tRR 


RD Pulse Width 


150 




ns 




Ud 


Data Delay from Address 




150 


ns 




tRD 


Data Delay from RD 




150 


ns 




tDF 


Output Float Delay 


20 


100 


ns 


C L =20pFforMin. 
150 pF for Max. 


tDC 


DACK Setup to RD 







ns 




tcD 


DACK Hold from RD 


10 




ns 




tKD 


Data Delay from DACK 




150 


ns 




Write Cycle (Host Interface) 


tAC 


Select Setup to WR 







ns 




tCA 


Select Hold from WR 


10 




ns 




t W w 


WR Pulse Width 


150 




ns 




tow 


Data Setup to WRt 


50 




ns 




twD 


Data Hold from WRt 


10 




ns 




*DC 


DACK Setup to WR 







ns 




tCD 


DACK Hold from WR 


10 




ns 






Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


tCQ 


Request Hold from RD or WR 
(non Burst mode) 




150 


ns 




7250-7230 I 


nterface Timings 










Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


*CBL 


CLK to Bubble Signal Leading Edge 




200 


ns 


UnderPin Loads* 


tCBT 


CLK to Bubble Signal Trailing Edge 




200 


ns 


UnderPin Loads* 



* Bubble Pin Loads Shown Below 



PIN LOADINGS 



Pin Names 


Value 


Unit 


xT,x^,Y+, Y^ 


150 


PF 


TM.A, TM.B, REP.EN, BOOT.EN, 
SWAP.EN, BOOT.SW.EN, C/D, 
ERR.FLG, WAIT, SYNC 


50 


PF 


DET.ON & SHIFT.CLK 


100 


PF 


BUS.READ 


10 


PF 
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WAVEFORMS 



Read Waveforms (Host Interface) 




Write Waveforms (Host Interface) 



X 



cs • 



X 



\ 



X 



K 



/ 






)^ 



<« »WD »• 



DMA Waveforms (Host Interface) 



s 



«*-t C A-H 



ffDORWR 



X 
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7242 Interface Timings 



RESET OUT, C/D 



SHIFTCLK (READ) 



DIO (WRITE) — — — —. — ——-.— 






XDATA IN 
VALID 



tCDV 
tCDH* 



15 



DATA OUT VALID 



\ 



1 



> 



r 



DATA IN 
VALID 



X 



>c:x 



\_____/ 



j 



7 



7250 & 7230 Interface Timings 











/ 


\ 








CLK 




tCBL 


\ 


/ 


<CBT 


^— 


BUBBLE SIG. 
7250 & 7230 


N 


/ 


r 
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7230 

CURRENT PULSE GENERATOR 

FOR BUBBLE MEMORIES 



TTL Compatible Inputs 

Provides all Pulses for IM's Bubble 
Memories 

— Replicate, Swap, Generate, 
Boot Replicate and Bootswap 

Current Sink Outputs Designed to 
Directly Drive Bubble Memory 



■ Direct Interface to Bubble Memory 
Controller 

■ Automatic Power Fail and Reset 

■ Operates from +5 and +12 Volts Only 

■ Schottky Bipolar Technology 

■ Standard 22-Pin DuallnLine Package 



The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230 is a 
Schottky Bipolar, TTL input compatible device that converts digital timing signals to analog current pulses. The CPG 
provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate, Swap, Generate, Boot 
Replicate and Bootswap pulses. The high current sinking outputs directly drive the bubble memory. It also directly interfaces 
to the Intel Magnetics Bubble Memory Controller (7220) and Formatter/Sense amplifier (7242). 
The 7230 operates from 5-volt and 12-volt power supplies and is in a standard 22-pin dual-in-line package. 



BLOCK DIAGRAM 



PIN CONFIGURATION 



VddC 1 

fpC 2 

WMC 3 
gen.en.bC 

GEN.EN.A C 



SWAP.EN C 

csC 



REP.EN C 

BOOT.SW.EN C 

BOOT.EN C 

GNDE 



22 UVcc 

21 Dpwr.fail 
20 Urefr. 

19 UGEN.B 8 

18 DGEN.A 5 

7230 
CPQ 17 HSWAP 8 

16 Hrep.b 

15 UREP.A 

14 HBOOT.SWA 

13 Uboot.rep 

12 IlGND 
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Block Diagram of Single Bubble Memory System — 128K Bytes 
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LOGIC DIAGRAM 



PIN DESCRIPTION 




BOOT.SW.EN o 



o BOOT.SWAP 



BOOT.EN (Pin 10) 

An active low input enabling the BOOT.REP output 
current pulse. 

BOOT.REP (Pin 13) 

An output providing the current pulse for bootstrap loop 
replication in the bubble memory. 

BOOT.SWAP (Pin 14) 

An output providing a current pulse which may be used 
for writing data into the bootstrap loop. 



BOOT.SW.EN (Pin 9) 

An active low input enabling the BOOT.SWAP output 
current pulse. 

CS (Pin 7) 

An active low input for selecting the chip. The chip 
powers down during deselect. 

GEN.A (Pin 18) 

An output providing the current pulse for writing data 
into the "A" quads of the bubble memory. 

GEN.B (Pin 19) 

An output providing the current pulse for writing data 
into the "B" quads of the bubble memory. 



GEN.EN.A (Pin 5) 

An active low input enabling the GEN.A output current 
pulse. 



GEN.EN.B (Pin 4) 

An active low input enabling the GEN.B output current 
pulse. 



PWR.FAIL (Pin 21) 

An active low, open collector output indicating that 
either V cc or V DD is below its threshold value. 

REFR. (Pin 20) 

The pin for the reference current generator to which an 
external resistance must be connected. 



EXTERNAL RESISTOR REQUIREMENTS 

Connect a 1% resistor based on the following table 
between pin 20 and ground. 



7230 
Marking 


External 
Resistor 


S6590 


3.48K 



REP.A(Pin15) 

An output providing the current pulse for replication of 
data in the "A" quads of the bubble memory. 

REP.B (Pin 16) 

An output providing the current pulse for replication of 
data in the "B" quads of the bubble memory. 



REP.EN (Pin 8) 

An active low input enabling the REP.A and REP.B 
outputs. 
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PIN DESCRIPTION (continued) 

SWAP (Pin 17) 

An output providing the current pulse for exchanging 
the data between the input track and the storage loops 
in the bubble memory. 



SWAP.EN (Pin 6) 

An active low input enabling the SWAP output. 



TM.A (Pin 2) 

An active low timing signal determining the cut pulse 
widths of the BOOT.REP, GEN.A, GEN.B, REP.A and 
REP.B outputs. 



TM.B (Pin 3) 

An active low timing signal determining the transfer 
pulse widths of the BOOT.REP, GEN.A, GEN.B, REP.A 
and REP.B outputs. 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -20°Cto+80°C 

Storage Temperature . -65°Cto+150°C 

V C c and Input Voltages -0.5Vto+7V 

V DD and Output Voltages -0.5V to + 14V 

Power Diss ipation 1 W 

Power Fail Output Sink Current . , .10 mA 

* COMMENT: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T A =0 6 C to +70°C, V CC =5.0V±5%, V DD =12V±5%, unless otherwise specified. 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 




Min. 


Typ. 


Max. 




I.L 


Input Low Current 






-0.4 


mA 


V iL = 0.4V, V cc = 5.25V 


l|H 


Input High Current 






20 


^ 


V, H = V CC = 5.25V 


V,L 


Input Low Voltage 






0.8 


V 




V| H 


Input High Voltage 


2.0 , 






V 




V C 


Input Clamp Voltage 






-1.5 


V 


l= -18 mA, V cc = 4.75V 


'CEX1 


Output Leakage Current 






1.0 


mA 


V CC =5.25V,V DD = 12.6V 




(All Outputs except PWR.FAIL) 


J CEX2 


PWR.FAIL Output Leakage 
Current 






100 


^ 


V 0H = V C c = 5.25V 


Vol 


PWR.FAIL Output Low Voltage 






0.4 


V 


l L=4mA, V C c = 4.75V 


V CCTH 


V cc Threshold (for PWR.FAIL) 




4.65 




V 


V DD =12V 


V DDTH 


V DD Threshold (for PWR.FAIL) 




11.3 




V 


V CC = 5V 


•cci 


Current from Vcc — Selected 




30 


45 


mA 


CS = V, L , V cc = 5.25V 


'ddi 


Current from V DD — Selected 




20 


35 


mA 


CS = V| L , V DD = 5.25V 


j DD2 


Current from V DD — Power Down 




6 


16 


mA 


CS = V, H ,V DD = 12.6V 



A.C. CHARACTERISTICS 

T A =0"C to +70°C, V CC = 5.0V±5%, V DD =12V±5%. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions* 


tpON 


Propagation Delay (Turn On) 


50 


100 


ns 




*DOFF 


Propagation Delay (Turn Off) 


20 


50 


ns 




tr 


Output Current Rise Time 




160 


ns 


See Test Setup Below 


tf 


Output Current Fall Time 




20 


ns 


See Test Setup Below 


tois 


CS" Disable Time 




50 


ns 




*EN 


CS Enable Time 




500 


ns 





'Note: V C c = 4.5V and V DD = 10.8V for all tests. 
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WAVEFORMS 



ALL OTHER 
INPUTS 



OUTPUT 
CURRENT 



w 



3.0V 
1.5V 
0V 

3.0V 
1.5V 
OV 



CURRENT 
' PROBE 



OUTPUT 
SINK 



■& 



m^^ 



— 90% 
50% 
10% 



Test Setup for Output Current 
Rise and Fall Time Measurement 



CAPACITANCE* 

T A =25°C. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions* 


C IN 


Input Capacitance 




10 


PF 





*This parameter is periodically sampled and not 100% tested. Condition of measurement is f = 1 MHz. 



OUTPUT CURRENTS 



T A = 0°C to 70°C, V CC = 5.0V ± 5%, V DD = 12.0V ± 5% 





Nominal Values at 50 KHz 


Output (V OU T= 3 - 0V ) 


Current (mA) 


Pulse Width (^s) 




S6590 


S6590 


REP.A, REP.B CUT 


180 


0.25 


REP.A, REP.B TRANSFER 


140 


5.0 


BOOT.REP CUT 


90 


0.25 


BOOT.REP TRANSFER 


70 


5.0 


GEN.A, GEN.B CUT 


64 


0.25 


GEN.A, GEN.B TRANSFER 


36 


5.0. 


SWAP 


120 


28.75 


BOOT.SWAP 


70 


See Note 



Two-level pulses are defined as shown: 



CUT 

PULSE-* 

WIDTH 

TRANSFER 

PULSE WiDTH 



CUT CURRENT 
J TRANSFER CURRENT 



Note: Writing data into the bootstrap loop would require 4096 pulses of 20jjs width. 
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7242 

DUAL FORMATTER/SENSE AMPLIFIER 

FOR BUBBLE MEMORIES 



Error Detection/Correction Done 

Automatically 

Dual Channel 

On-Chip Sense Amplifiers 

Automatically Handles Redundant 
Loops 



■ FIFO Data Block Buffer 

■ Daisy-Chained Selects for Multiple 
Bubble Memory Systems 

■ MOS N-Channel Technology 

■ Standard 20-Pin Dual-ln-Line Package 



The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics Bubble 
Memories. The 7242 features on-chip sense amplifier for system ease of use and minimization of system part count. 
The 7242 also provides for automatically handling the bubble memories' redundant loops so they appear transparent 
to the user. In addition, complete burst error detection and correction can be done automatically by this device. 

The 7242 has a full FIFO data block buffer. This device can be daisy-chained for multiple bubble memory systems. Up 
to eight FSA can be controlled by one 7220 Bubble Memory Controller (BMC). 

The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique 
features. The device is packaged in a standard high density 20-pin dual-in-line package. 



BLOCK DIAGRAM 



PIN CONFIGURATION 




7220 
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MEMORY 
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F^ 



tt 



& 
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LOGIC DIAGRAM 



INTERNAL DATA BUS A 



„ ERROR M 

CORRECTION "J 

FIFO ' 



3CH>- 




ERR.FLG (Pin 4) 

An error flag used to interrupt the Controller to indicate 
that an error condition exists. It shall be an open drain 
active low signal. 



RESET (Pin 16) 

An active low signal that shall reset all flags and 
pointers in the FSA as well as disabling the chip as the 
C5 signal does. The RESET pulse width must be 5 clock 
periods to assure the FSA is properly reset. 



SELECT.IN (Pin 19) 

An input utilized for time division multiplexing. An 
active low signal whose presence indicates that the 
FSA is to send or receive data from the Serial Bus during 
the next two clock periods. 



SEL ECT.OUT (P in 2) 

The SELECT.IN p ulse delayed by two clocks. It shall be 
connected to the SELECT.IN pin of the next FSA. It is 
delayed by two clocks because the FSA is a dual 
channel de vice. Channel A shall internally pass 
SELECT.IN to Channel B (delayed by one clock). 



SHIFT.CLK (Pin 15) 

A Controller generated clock signal that shall be used to 
clock data out of the bubble I/O Output Latch to the 
bubble module during a write operation and to cause 
bubble signals to be converted by the Sense Amp and 
clocked into the Bubble I/O Input Latch on a read. 



PIN DESCRIPTION 

C/D (Pin 3) 

Command/Data signal. This signal shall cause the FSA 
to enter a receive command mode when high and to 
interpret the serial data line as data when low. Any 
previously active command will be immediately 
terminated by C/D. 

CLK (Pin 18) 

Same TTL level clock used to generate internal timing 
as used for 7220. 

55 (Pin 1) 

An active low signal used for multiplexing of FSA's. The 
FSA is disabled whenever CS is high (i.e., it presents a 
high impedance to the bus and ignores all bus activity.) 



DATA.OUT.A, DATA.OUT.B (Pins 11 and 12) 

Output data from the FIFO to the MBM generate 
circuitry. Used to write data into the bubble device 
(active low). 

DET.A + , DET.A - , DET.B + , DET.B - (Pirts 6, 7, 8, and 9) 

Differential signal lines from the MBM detector. 

DIO (Pin 17) 

The Serial Bus data line (a bidirectional active high 
signal). 



ENABLE.A, ENABLE.B (Pins 13 and 14) 

TTL level outputs utilized as chip selects for other inter- 
face circuits. They shall be set and reset by the 
Command Decoder under instruction of the Controller 
(active low). 



FUNCTIONAL DESCRIPTION 

The following is a brief description of each block of the 
7242 FSA. 

Serial Communications — The Serial Communications 
block handles all transfers on the Serial Bus and is 
shared by both channels of the FSA. 

Command Decoder — The Command Decoder inter- 
prets commands by the Serial Communication logic and 
sets the appropriate command and enable lines. It also 
maintains FSA status, and generates various reset lines. 

Internal Data Bus — The Internal Data Bus is the main 
data link between the Serial Communications block and 
all other data sources in each half of the FSA. 

I/O Latches, Flags, and Bus Control — Each channel of 
the FSA has its own Internal Data Bus, on which all data 
transfers are made. There is a Flag and a bidirectional 
Latch in each "I/O Latches — Flag" block. Only one 
Latch is used in a given operation and the Flag tells the 
Bus Controller whether or not the Latch is full. The Bus 
Controller monitors these flags, and- other control 
signals, to determine when each device should have 
access to the Internal Data Bus. When a transfer is to be 
made, the appropriate devices are enabled, the Bus is 
enabled, and the transfer takes place synchronously by 
virtue of a transparent State Machine Sequencer. 

FIFO — The FIFO is a variable length First-In-First-Out 
buffer utilized to store data passing to and from the 
MBM module. The FIFO is logically 272 bits in length in 
the "no error correction" mode. It is 270 bits in the 
"error correction" mode, since 256 bits of data and a 14 
bit error correction code must be used in this mode of 
operation. 
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The FIFO pointers are reset by hardware or software 
resets or each time a command to read or write is 
received by the Command Decoder. 

If a block length other than 272 bits is used in the no 
error correction mode, the FIFO pointers will not return 
to word zero at the end of each block transfer. This is of 
no consequence if one is not concerned about the 
absolute location of data in the FIFO. Keeping in mind 
that the FIFO is only 272 bits physically, any block 
length may be used up to and including 320. 

Bootstrap Loop Register — The Bootstrap Loop 
Register is a 160-bit register that contains information 
detailing the location of bad loops in the MBM module. 
This data will enable bubble I/O to ensure that bits are 
not loaded in the FIFO from bad loops, or written from 
the FIFO into bad loops. A logic zero (absence of a 
bubble) is written into bad loops. 

Error Correction Logic — The Error Correction Logic 
contains the circuitry to implement a burst error cor- 
recting code capable of correcting any single burst error 
of length equal to or less than 5, anywhere in the 270-bit 
data stream, including the error correction code which 
is 14 bits in length. A Correction Enable bit may be set 
or reset via a special command. When reset, the entire 
error correction network is disabled and block length 
may vary from 270 bits. Error detection shall be accom- 
plished on aii data transfers (when enabled); however, 
correction cannot take place unless the FSA is operated 
in a buffered mode (i.e., an entire block is read prior to 
passing any data to the Controller). 

Bubble I/O — The Bubble I/O consists of an integrated 
Sense Amplifier and an output driver. The Sense 
Amplifier consists of a sample-and-hold circuit and a 
differential, chopper stabilized comparator. 



Enables — The ENABLE.A and ENABLE.B outputs are 
utilized as chip selects for external circuitry. To set an 
ENABLE line, the desired channel of the FSA must be 
selected and a Read or Write MBM, Set Enable Bit, 
Initialize, Read Collected Data, or Internally Correct 
Data command is sent. Any other command sequence 
will reset the ENABLE lines. 

COMMANDS 

FSA Commands 

The FSA shall receive a four-bit command word via the 
Serial Bus. In addition, some of the commands require 
additional data bits, e.g., status to be passed serially. 
The four bits shall be interpreted as shown in Table 1. 
The effects on the Status bits, Correction Enable bit, 
and Enable pins are summarized in Table 2. 

The following is a brief description of each command 
available in the 7242 FSA. 

No Operation — Deselects the chip and prevents 
further internal activity (default state for reset, unselec- 
ted or unaddressed channels). Resets the FIFO and 
Bootloop p ointers. The Enable pins (ENABLE.A and 
ENABLE.B) become inactive. 

Software Reset — Resets all FIFO and Bootloop 
pointers and flags. Status flags, Error Correction Enable 
bit, error correction shift register, and the Enable pins 
become inactive. 

Initialize — The chip is set to read data from the MBM 
Bootloop and pass it to the Controller. Resets the FIFO 
and Bootloop pointers and the Error Correction Logic, 
and disables the Bootloop register (so that it does not 
interfere with the data flow). The Enable pins become 
active in addressed channels. 



Table 1. Command Code Descriptions 



Code 


Description 


Data 


Correction 


Not 






Enabled 


Enabled 


0000 


No Operation 


None 


None 


0001 


(Reserved) 





■ 


0010 


Software Reset 


None 


None 


0011 


Initialize 


MBM Bootloop 


MBM Bootloop 


0100 


Write MBM Data 


270 Bits In 


Variable 


0101 


Read MBM Data 


270 Bits Out 


Variable 


0110 


Internally Correct Data 


None 





0111 


Read Corrected Data 


270 Bits Out 





1000 


Write Bootloop Register 


160 Bits In 


160 Bits In 


1001 


Read Bootloop Register 


160 Bits Out 


160 Bits Out 


1010 


(Reserved) 








1011 


(Reserved) 





•- . 


1100 


Set Enable Bit 


None 


None 


1101 


Read ERR.FLG Status 


1 Bit Out 


1 Bit Out 


1110 


Set Correction Enable Bit 


None 


None 


1111 


Read Status Register 


8 Bits Out 


8 Bits Out 
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Table 2. Command Function Summary 



Command Description 


Command 
Code 


Data Flow 
(R/W) 


Reset FIFO 

& Bootloop 

Pointers 


Reset Status 
(Errors) 


Reset Error 

Correction 

Logic 


Enable 


No Operation 


0000 





X 






H 


Software Reset 


0010 





X 


X 


X 


H 


Initialize 


0010 


R 


X 


X 


X 


L 


Write MBM Data 


0100 


W 


X 




X 


L 


Read MBM Data 


0101 


R 


X 




X 


L 


Internally Correct Data 


0110 





X 






L 


Read Corrected Data 


0111 


R 


X 






L 


Write Bootloop Register 


1000 


W 


X 






H 


Read Bootloop Register 


1001 


R 


X 






H 


Set Enable Bit 


1100 





X 






L 


Read ERR.FLG Status 


1101 


R 








H 


Set Error Correction Enable Bit 


1110 





X 






H 


Read Status Register 


1111 


R 




X 




H 



Write MBM Data — Data input by the Controller is 
written into the good loops in use in the MBM (under 
control of the Bootloop register) each time a SHIFT.CLK 
is received. It also activates the Enable pins and resets 
the FIFO and Bootloop pointers. If the Correction 
Enable bit is set, the FSA computes the correction code 
and appends it to the data stream to be stored in the 
MBM (last 14 of 270 bits). 

Read MBM Data — This command activates the 
ENABLE pins and resets the FIFO and Bootloop 
pointers independent of the state of the Correction 
Enable bit. If the Correction Enable bit is reset, data 
from the MBM, of block length dictated by 2 times the 
number of logic "1s" in the Bootloop register, is sensed 
and screened by the FSA Sense Amp and Bootloop 
register, and stored in the FIFO. As soon as one bit is 
guaranteed in the FIFO, simultaneous reading from the 
FIFO may be done by the Controller. The FIFO need not 
be emptied after each page is read, but one must insure 
that more than 272 bits of FIFO are not needed at any 
time during the transfer. 

If the Correction Enable is set, data must be read in a 
buffered mode. First, a full block of data is read from the 
MBM. At that point the FIFO contains 270 bits of data. If 
an error is detected by the Error Correction network, the 
FSA raises the UNCORR.ERR and CORR.ERR flags 
which generate an interrupt to the controller. If no error 
is detected, the 270 bits of data may be read from the 
FIFO while simultaneously reading and checking the 
next block of data from the MBM. When an error is 
detected the Controller may respond to the interrupt in 
one of three ways. 

1. Ignore it and try again (must make sure to reset the 
Error Correction shift register before a retry). 

2. Send a Read Corrected Data command to the FSA. 
This command will correct the data stream (if 
possible) and interrupt the Controller when the block 
has been read. At this time the Controller can send a 



Read Status command to see if the error was correct- 
able (CORR.ERR) or uncorrectable (UNCORR.ERR). 

3. Send an Internally Correct Data command to the FSA. 
The FSA corrects the data without transferring it to 
the Controller. When finished, the FSA interrupts the 
Controller. At this point it can be determined whether 
or not the error is correctable. If so, a Read Corrected 
Data command may be sent to read the good data. 

Internally Correct Data — Internally cycles the data 
through the error correction network and returns status 
as to whether or not the data is correctable. 

Requires approximately 1400 clock cycles to complete. 
ERR.FLG will be inactive during internal cycling, but will 
return active at its completion. Also activates the 
ENABLE pins and resets the FIFO and Bootloop 
pointers. 

Read Corrected Data — Cycles data through the error 
correction network with each Controller- read (SELECT.IN 
at the FSA). At the end of 270 reads, status is available 
to indicate whether or not the data was successfully 
corrected. ERR.FLG acts as in Internally Correct Data. 
This command is required to read data corrected inter- 
nally as well, but has no effect on the data read if it was 
successfully corrected. Activates the ENABLE pins and 
resets the FIFO and Bootloop pointers. 

Write Bootloop Register — Contents of the FSA's 
Bootloop register are written with 160 bits from the 
Controller. The Controller must read the MBM Bootloop 
first, to determine which loops are good. The number of 
good bits in the 160-bit register is 135 if correction is 
used, and variable up to 160 if operating in the no correc- 
tion mode. ENABLE pins become inactive and the FIFO 
and Bootloop pointers are reset. 

Read Bootloop Register — As above except that data is 
read from the FSA Bootloop to the Controller. 

Set Enable Bit — ENABLE pins become active for ad- 
dressed channels, inactive for unaddressed channels. 
Also resets the FIFO and Bootloop pointers. 
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Read ERR.FLG Status — Reads the composite error 
status for addressed channels of the FSA. (The com- 
posite status is the logic OR o f CORR.ERR, UNCORR.ERR 
and TIMER.R. The ERR.FLG pin is the logic NOR of both 
channels' composite error status; ERR.FLG.A and 
ERR.FLG.B.) ENABLE pins become inactive. 

Set Error Correction Enable Bit — Enables the Error 
Correction Logic in addressed FSAs and disables it in 
unaddressed FSAs. ENABLE pins become inactive and 
FIFO and Bootloop pointers are reset. Furthermore, 
when this enable is set, the corresponding FIFO 
becomes a 270-bit FIFO (logically) instead of a 272-bit 
FIFO as in the no correction mode. 

Read Status Register — The 8-bit Status Word for the 
addressed FSA is output to the Controller. Only one 
FSA channel can be addressed at a time, or bus 
contention may result. ENABLE pins become inactive 
and error flags in the addressed FSA channel are reset. 

SERIAL INTERFACE 

Command Sequence — The FSA communicates with 
the Controller via a Serial interface. The Controller/FSA 
Interface contains the following signals: 

1. CLK 



2. SELECT.IN (Formatter) 



3. SELECT.OUT (Formatter) 

4. SYNC (Controller) 

5. DIO 

6. C/D 

7. SHIFT.CLK 



1. Controller raises C/D flag indicating that a command 
is coming, and simultaneously outputs a SYNC 
pulse. This SYNC pulse is shifted do wn the FSA 
chain in shift register fashion via the FSA SELECT.IN/ 
SELECT.OUT lines. 

2. Controller outputs a serial data stream on the DIO 
line beginning in the clock period following SYNC. 
Each bit in the stream corresponds to an address bit 
for a particular FSA (up to 16 channels). Each FSA, 
upon receiving SELECT.IN, will look for the presence 
or absence of a logic one on DIO in the clock period 
following receipt of SELECT.IN. (A logic one indi- 
cates that the FSA shall accept the command.) 

3. Twenty clock periods after the first SYNC, the Con- 
troller sends C/D low followed by a four-bit command 
on the DIO line. 

4. If the command is a Read Status command (1111), the 
addressed FSA returns 8 bits of Status starting 4 
clock periods after the last command bit is received. 
Note that the Status is returned during this period for 
any FSA position. Therefore only one FSA channel 
should be addressed at a time to avoid contention. 

5. If the command require s furth er data (see section on 
FSA Commands), more SYNC pulses are sent by the 
Controller. This will occur at integral multiples of 20 
clock periods startin g no so oner than 40 clocks after 
the fir st command SYNC pulse. Some n umber of 
SYNC periods may pass before the second SYNC to 
allow the FSA to set itself up and get data ready for 
the Controller. There are several possibilities: 



8. ERR.FLG 

Commands from the Controller to the FSA shall take 
place in the following format (see Figure 1). 



a. For th e Read ERR.FLG Status command the 
second SYN C can o cc ur 40 clocks after the first 
SYNC. This SYNC (or SELECT.IN) causes each 
addressed FSA to sen d the a ppropriate _Status 
information. No further SYNCs (without C/D high) 
should be sent. 



- 20 CLOCK PERIODS - 



20 CLOCK PERIODS - 



-20 CLOCK PERIODS- 



** juinniuimuin^ jirLRiLrumjuinjuiJU^ 

« 5 J "l „ „ 



'U 



sv i_r 



r T LOD s 

z)cxxxxxxo^x)oq zfocxmx^ 



- ADD ifmTS° RD - -I k C °wo M R A D ND ^| 

16 bits n r- (4B|TS) i 



STATUS WORD 
(8 BITS) 



DATA 
(16 BITS) 



NOTE: STATUS INFO IS ONLY PRESENT ON BUS FOR THE READ STATUS COMMAND SEQUENCE. 



Figure 1. Command Sequences 
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b. For the Read MBM Data (or Initialize) command 
the second SYNC must wait the appropriate 
number of SHIFT.CLOCKs to assure that valid 
data is available in the FIFO. 

After this wait, each addressed FSA channel 
sends on e bit of dat a on the DIO line for each 
SYNC (or SELECT.IN) pulse. 

c. For the Read Bootloop Register command, the 
sec ond SYN C can occur 60 clock cycles after the 
first SYNC. The data transfer then proceeds as in 
b. above. 

d. For the Write MBM Data or Write Bootloop com- 
mands, the DIO line is used to transfer data to the 
FSA on successive SYNC pulses. The firs t data bit 
can be transferred by a s econd S YNC pulse, 40 
clock cycles after the first SYNC. (However, data 
to the MBM will not be available at the D ataout 
pins until 40 clock cycles after the SYNC which 
transferred it.) Each t ransfe r to the address ed FSA 
will be initiated by a SYNC (or SELECT.IN). 

6. SYN(J(SELECT.IN) precedes the data it transfers by 1 
clock cycle. Data Transfers to or fr om the F SA's FIFO 
must contain the proper number of SYN Cs (exter nally 
counted) or a timing error may occur (TIMERR flag 
will be set, causing an interrupt to the Controller). 

Data Sequences — Bubble data shall be passed between 
the Controller and FSAs in the following fashion (see 
Figure 2). 

1. Controller outputs a SYNC pulse. 



2. Each FSA then outputs (inputs) a single bit on DIO 
after SYNC (SELECT.IN) has been clocked into its 
control section. Only previously enabled FSAs output 
(input) data and the Controller must know when to 
input (output) data bits. 

3. After 20 clocks, another SYNC pulse is output and 
the sequence repeats until all data has been trans- 
ferred. 

Error Conditions — Each FSA shall up on detecti on of 
an error set a Status bit and p ull dow n ERR.FLG. This 
signal can be asynchronous to SYNC. Error Status bits 
shall be: 

1. Correctable Error 

2. Uncorrectable Error 

3. Timing Error 

The Status Word that shall be passed to the Controller 
after receipt of a Read Status command shall be in the 
following format: 



:r 



TIMING ERROR 



r 



SPARE 1 ("0 ') 
SPARE 2 ("O") 
FIFO EMPTY (FIFOMT) 
FIFO FULL (FIFOFL) 



NOTE: ERROR FLAGS SHALL BE RESET UPON 
BEING READ BY THE CONTROLLER OR BY A 
SOFTWARE RESET OR INITIALIZE. 



«** injuuiruinnnnjuu^^ 

wm~[J U ' 

~ dooooooooooooooo, gC 



DATA TO 1st FSA 
DATA TO 9th FSA 
DATA TO 16th FSA 



Figure 2. Data Sequences 
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BUBBLE INTERFACE 

Bubble Interface — Each Bubble Interface shall consist 
of a DATAOUT signal and a pair of differential inputs 
from the MBM detector bridge. 

Read Timing — The timing for reading a bit from the 
memory shall be as follows (see Figure 3): 



1. Controller outputs a SHIFT.CL K. FSA samples 
bubble signal during SHIFT.CLK and holds signal 
after trailing edge. 

2. Trailing edge of SHIFT.CLK initiates signal conver- 
sion timing. 

3. Data is latched at end of conversion period in the 



Bubble Input latch, and will subsequently be loaded 
into the FIFO. 

Write Timing — The timing for writing a bit from the 
FIFO shall be as follows (see Figure 4): 



1. Controller lowers SHIFT.CLK. 



2. Data is gated out of FSA by SHIFT.CLK. 

3. Controller outputs a generate pulse (to external logic; 
not to FSA). 

4. Controller raises SHIFT.CLK. The DATA.OUT pin is 
forced high. 

5. FIFO and Bootl oop register are incremented after the 
leading edge of SHIFT.CLK. 



jiniiMJinjiM^^ 



SHIFT.CLK | SAMPLE 


HOLD SIGNAL 
















I 


I 






SENSE 










AMP I 
TIMING | 




I 




CONVERSION PERIOD 


SIGNALS 










r 


I 
















DATAVALH 


) 




X 

i 




LATCH DATA 

SET BUBBLE I/O FLAG 


VALID STROBi 


L 


(ONLY WHEN A "GOOD LOOP" 
IS READ) 



Figure 3. Data Read Timing 
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GENERATE PULSE 



VALID STROBE 



r-~L 



CLEAR BUBBLE I/O FLAG 
(ONLY WHEN A "GOOD LOOP" 
IS WRITTEN) 
INCREMENT BOOTLOOP POINTER 



Figure 4. Write Timing 
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System Timing — The SYNC pulse (which denotes the 
beginning of a data transfer from Controller to 
Formatter or vice-versa) shall be synchronous with the 
beginning of a bubble memory field rotation. Due to 
timing constraints in the FSA, the following statements 
hold: 

1. Data read from the bubble memory into the FSA shall 
not b e available t o the Controller until 40 clock cycles 
after SHIFT.CLK. 

2. Data cannot be wri tten to the bubble memory until 40 
clock cycles after SYNC (see Figure 5). 



FSA ERROR CORRECTION 

Error Correction ^- The error correction logic consists 
of a burst error correcting Fire code capable of correc- 
ting 5 or fewer bits in a single burst; the number of 
check bits is 14.* Error correction/detection shall take 
place on e ach 256-bit data block. The FSA shall set low 
ERR.FLG ea ch time a c orrectable or uncorrectable error 
is detected. ERR.FLG shall be set high upon being read 



*See "Error-Correcting Codes" by W.W. Peterson and E. J. 
Weldon, Jr., pp. 366-370, M.I.T. Press, 1972. 



by the Controller or by a software reset being issued. 
The polynomial implemented is given below: 

G(X)= 1 + X 2 + X 5 + X 9 + X 11 + X 14 



DATA FORMAT 

Data Format — Data into the FSA from the bubble 
memory shall be in the format described below. The 
following definitions apply: 

o n =data from odd half of bubble device, loop rj 

e„=data from even half of bubble device, loop r\ 



Data Block Format — 

Oie-|Oie-|02e202e2 • 
1st bit 



■ O8oe80°80 e 80 



320th bit 



When using correction, the first 270 good bits will be 
used; the last 14 of these are to be used for the error 
correcting code. The remaining 50 bits must be masked 
as "bad" bits in the FSA Bootloop register. 

When operating without correction, any number of bits 
may be used by loading the Bootloop register appro- 
priately. The preferred number is 272 bits, however. 



FIELD 
ROTATION 
(DEGREES)' I 
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240 300 360 


420 480 540 
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Figure 5. System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65°Cto + 150°C 

All Input or Output Voltages and 

V cc Supply Voltage -0.5V to +7V 

V DD Supply Voltage -0.5V to + 14V 

Power Dissipation 1 W 



* COMMENT: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T A =0°C to +70°C, V C c=5.0V±5%, V DD =12V±5% 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V, L 


Input Low Voltage 


-0.5 




0.8 


V 




V,H 


Input High Voltage 


2.0 




Vcc + 0.5 


V 




Vol 


Output Low Voltage 






0.45 


V 


I l= 3.2 mA 


(All Outputs Except SELECT.OUT) 


V OLSO 


Output Low Voltage 
(SELECT.OUT) 






0.45 


V 


I l= 1.6 mA 


V H 


Output High Voltage 


2.4 






V 


I O h = 400^A 


(All Outputs Except SELECT.OUT) 


V OHSO 


Output High Voltage 
(SELECT.OUT) 


2.4 






V 


I O h = 200/<A 


Vthr 


Detector Threshold 


2.0 




3.0 


mV 


VdD = 12.0V 


Hid 


Input Leakage Current 






10 


ma 


< V, N < Vcc 


HoflI 


Output Float Leakage 






10 


m a 


0.45 <V 0U T< V C c 


•cc 


Power Supply Current from Vcc 






120 


mA 




Idd 


Power Supply Current from V D q 






30 


mA 
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A.C. CHARACTERISTICS 

T A = 0°C to +70°C, V CC = 5.0V±5%, V DD = 12V±5%, C L =120pF, unless otherwise noted. 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*p 


Clock Period 


240 


500 


ns 




«♦ 


Clock Phase Width 


0.4 t p 


0.6 t p 






tr,t f 


Clock Rise and Fall Time 




30 


ns 




*sic 


SELECT.IN Setup Time to CLK 


50 




ns 




tcDC 


C/D Setup Time to CLK 


50 




ns 




tcYC 


SELECT.IN or SHIFT.CLK Cycle Time 


20 t p 








toe 


DIO Setup Time to Clock (Read Mode) 


50 




ns 




tcsc 


CS Setup Time to CLK 


100 




ns 




tRIC 


RESET.IN Setup Time to CLK 


100 




ns 




t.H 


Control Input Hold Time for C/D, 
SELECT.IN and DIO 


20 




ns 




tcSOL 


CLK to SELECT.OUT Leading Edge Delay 




100 


ns 


C L =50pF 


tcSOT 


CLK to SELECT.OUT Trailing Edge Delay 




80 


ns 


C L =50pF 


tcDV 


CLK to DIO Valid Delay* 




100 


ns 




*CDH 


CLK to DIO Hold Time* 







ns 




tcDE 


CLK to DIO Enabled from Float* 




100 


ns 




tsiDE 


SELECT.IN Trailing Edge to DIO Enabled 
from Float* 




70 


ns 




tcDF 


CLK to DIO Entering Float* 




100 


ns 










200 


ns 




tsCDO 


SHIFT.CLK to DATAOUT Delay* 








4t p 


tcYC~ 

11 tp 






*SCWR 


SHIFT.CLK Width (Read) 








^ 


tCYC~ 
2t p 






tseww 


SHIFT.CLK Width (Write) 




CAPACITANCE 

T A =25°C, V cc = 0V, f = 1 MHz. 


Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions 


C IN 


Input Capacitance 




10 


PF 




C UT 


Output Capacitance 




10 


PF 




Cdio 


DIO Capacitance 




10 


PF 





*DlO Write Mode. 



3-39 



7242 



DIO INTERFACE TIMING 



DIO (WRITE) 



DIO (READ) 



CS, 

RESET.IN, C7D 



-tsic- 



\^f~^-J~^—J~^ I V. 



t| H 



/ 



*tsiDE J 
tCDE— ^ 



_ 



"V DATA IN J J 

A VAU ,p *' 

I i tcsc 



tcsc 

(tRIC) 
(tCDC) 




-tCDV 
-tCDH— » 



♦-tcsOL-^ 



\ 



:«: 



tcSOT-" 



tlH 



tCDF 



> 



DATA IN 
VALID 






BUBBLE DATA INTERFACE TIMING 



SHIFT.CLK 



\ 



tSCDO-* 



DATA.OUT.A - 
DATA.OUT.B 
(WRITE) 



_ tscWR, _ 

tscww 



\ 



- tCYC - 



7 



J 



-tsCDO 



"\ 
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7250 

COIL PREDRIVER 

FOR BUBBLE MEMORIES 



■ Very Low Power 

■ Power Fail Reset for Maximum 
Protection of Bubble Memory 

■ TTL Compatible Inputs 



Only One Power Supply Required, 
+ 12V 

CMOS Technology 

Standard 16-Pin Dual In-Line Package 



The Intel 7250 is a low power Coil Pre-Driver (CPD) for use with Intel Magnetics Bubble Memories. The 7250 is con- 
trolled by the Intel 7220 Bubble Memory Controller (BMC) and directly drives either Quad VMOS transistor packs or 
Quad Bipolar transistor packs which are connected to the coils of the bubble memory. 

The 7250 is a high voltage, high current driver constructed using CMOS technology. The device has TTL compatible in- 
puts and the outputs are designed to drive either low on-resistance VMOS transistors or bipolar transistors. 

The 7250 is in a standard 16-pin dual in-line package. 



BLOCK DIAGRAM 



PIN CONFIGURATION 



csC 

RESET C 

)TTTnC 
y+InC 

Y-.IN C 

y-.outC 
gndC 



DVdd 



1 X + OUT 8080 

|JA+UU 8085 



4 7250 1 3 
CPD 



3 tzmr ™» 

3X-.0UT 



o 



Y + .OUT 
U Y + .OUT 

Dy-.out 



7220 

BUBBLE 

MEMORY 

CONTROLLER 

(BMC) 



fc 



^ 



% 



2k 



7250 
COtl PREDRIVER 






* 2x7254 
DRIVER 
TRANSISTORS 



7242 
FORMATTER/ 
SENSE 
AMP 
(FSA) 



3E 



7110 

ONE MEGABIT 

BUBBLE 

MEMORY 

UNIT 

(MBM) 



fl 



% 



7230 

CURRENT 

PULSE 

GENERATOR 

(CPG) 



TO 

ADDITIONAL 

BPK70'S 



BPK70 BUBBLE STORAGE_SUBSYSTEM J 



Block Diagram off Single Bubble Memory System — 128K Bytes 
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ABSOLUTE MAXIMUM RATINGS" 



Ambient Temperature Under Bias ... - 20 °C to + 80 °C 

Storage Temperature - 65 °C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 0.5 to V DD + 0.5V 

Supply Voltage, V DD - 0.5 to + 14V 

Output Current 250 mA 

(One Output @ 100% Duty Cycle) 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T A = 0°C to 70°C, V DD = 12V± 5%, unless otherwise specified. 





Parameter 


Limits 


Unit 




Symbol 


Mln. 


Typ. 


Max. 


Test Conditions 


IIinI 


Input Current 






10 


pA 


V, = 0.8V 


V|L 


Low Level Input Voltage 






0.8 


V 




V| H 


High Level Input Voltage 


2.2 






V 




V L1 


Output Low Voltage 






2.0 


V 


Iol= 200 mA 


V L2 


Output Low Voltage 






0=2 


V 


!oL=10mA 


V H1 


Output High Voltage 


Vdd-2 






V 


Ioh= -200 mA 


V OH2 


Output High Voltage 


V DD -0.2 






V 


I h= -10 mA 


«OL 


Output Sink Current 


200 






mA 


V l= 2.0V, 30% Duty Cycle 


MohI 


Output Source Current 


200 






mA 


Voh = V D d-2.0V,30% 
Duty Cycle 


'ddo 


Supply Current 






4.5 


mA 


Chip Deselected: CS = Vj H , 
V DD = 12.6V 


•ddi 


Supply Current 






75 


mA 


f =100 kHz, V DD = 12.6V, 
Outputs Unloaded 


'0D2 


Supply Current 






90 


mA 


f = 200 kHz, V DD = 12.6V 
Outputs Unloaded 
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A.C. CHARACTERISTICS 

T A =0°C to 70°C, V DD =12V±5%, unless otherwise specified. 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 










100 


ns 




tpi 


Propagation Delay from X+ .IN, 
X-.IN,Y+.IN,Y-.IN 


500 pF Load 


t P 2 


Propagation Delay from CS or 
RESET 






150 


ns 


500 pF Load 


tr 


Rise Time (10% to 90%) 






45 


ns 


500 pF Load 


t F 


Fall Time (90% to 10%) 






45 


ns 


500 pF Load 


ts 


Skew Between an Output and 
its Complement 






20 


ns 





A.C. TEST CONDITIONS 



INPUT 



\ 



OUTPUT 



OUTPUT 



\ 



/ 



/ 



/ 



\ 



— — 3.0V 

1.5V 

0V 



50% 



CAPACITANCE* 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 





•This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, V B)AS = 2V, V DD = 0V, and T A = 25°C. 
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PIN DESCRIPTION 

CS (Pin 1) 

Chip select. It is active low. When high chip 
deselected and l DD is significantly reduced. 



LOGIC DIAGRAM 



RESET (Pin 2) 

Active low input from RESET.OUT of 7220 Controller 
forces 7250 outputs inactive so that bubble memory is 
protected in the event of power supply failure. 



X + IN,.X-.IN(Pins3,4) 

Active low inputs from controller which turn on the high 
current X outputs. 



X - .OUT, X - .OUT, X + .OUT, X + .OUT (Pins 1215) 

High current outputs and their complements for driving 
the gates of the 7254 VMOS quad transistors which in 
turn drive the X coils of the bubble memory. 



Y + JN,Y-.IN(Pins5,6) 

Active low inputs from controller which turn on the high 
current Y outputs. 



Y - .OUT, Y + .OUT, Y + .OUT, Y - .OUT (Pins 9-11 and 7) 

High current outputs and their complements for driving 
the gates of the 7254 VMOS quad transistors which in 
turn drive the Y coils of the bubble memory. 




Lj>J^>v 



PACKAGING INFORMATION 




SEATING 
PLANE 



.125(3.175) 
MIN. 




.110(2.794) _J L 
.090(2.286) 



16-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 
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7254 

QUAD VMOS DRIVE TRANSISTORS 

FOR BUBBLE MEMORIES 



Designed to Drive X and Y Coils of 
7110 Bubble Memories 



Operates from Vqd Only 



No Bias Currents Required 



■ VMOS FET Technology 



Fast Turn-on and Turn-off — 30 ns 
Maximum 

Built-in Diode Commutates Coil 
Current When Transistor is Turned Off 



N-Channel and P-Channel Transistors 
in the Same Package 

Standard 14-Pin Dual-ln-Line Package 



The 7254 is a quad transistor pack designed to drive the X and Y coils of Intel 71 10 Bubble Memories. Two 7254 packages 
are required for each bubble memory device. In a typical application D1 and D4 of a 7254 would be connected to an X input 
of the bubble memory and D2 and D3 would be connected to a Y input. S1 and S3 are grounded and S2 and S4 are tied V DD . 
Alternatively, one 7254 may be dedicated to driving the Y coil and the other 7254 may be dedicated to driving the X coil. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




TO 
8080 
8085 



o 
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"KW" 
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7242 
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7110 

ONE MEGABIT 

BUBBLE 

MEMORY 

UNIT 

(MBM) 



fl 



7230 

CURRENT 

PULSE 

GENERATOR 

(CPG) 



BPK70 BUBBLE SJpR^E_SUBSYSTEM_J 



TO 

ADDITIONAL 

BPK70's 



Block Diagram of Single Bubble Memory System — 128K Bytes 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 20° to + 80 °C 

Storage Temperature - 40° to + 150°C 

Drain Voltage (with respect to 

Gate or Source) 30V 

Continuous Drain Current 2A 

Peak Drain Current 3A 

Power Dissipation (T A = 80 °C) 1.05W 

Power Dissipation (T A = 25 °C) 1.75W 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods, may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

All Limits Apply for N- and P-Channel transistors, T A = to 70 °C unless otherwise noted. 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


BV DSS 


Drain-Source Breakdown Voltage 


20 






V 


V GS = 0,I D =10 M A 


V QS (th) 


Gate-Source Threshold Voltage 


0.8 






V 


V GS= V DS''d= 1 mA 


'gss 


Gate Leakage Current 






10 


^ 


V GS =12V,V DS =0,T A = 80°C 


! DSS 


Drain Leakage Current 






500 


ma 


V GS = 0,V DS = 20V,T A = 80°C 


Bds(N) 


N-Channe! On-Resistance (Note 1) 






1.0 


Q 


V GS = 11.4V, l D = 1A, T A = 25°C 


Rds(P) 


P-Channel On-Resistance (Note 1) 






2.3 


Q 


V GS = 11 .4V, I D = 1 A, T A = 25°C 



Note: 1. Pulse test — 80 j*s pulse, 1% duty cycle, r DS increase 0.6%/°C. 

A.C. CHARACTERISTICS 

T A = 25°C 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


t0N(N) 


N-Channel Turn-On Time 






20 


ns 




t0N(P) 


P-Channel Turn-On Time 






30 


ns 


See Switching 
Time Test Circuit and 


t0FF(N) 


N-Channel Turn-Off Time 






20 


ns 


Waveforms below 


t0FF(P) 


P-Channel Turn-Off Time 






30 n 


ns 





SWITCHING TIME TEST CIRCUIT 



SWITCHING TIME TEST WAVEFORMS 




-*- PULSE WIDTH -»► 



PULSE GENERATOR 

HP21SAOREQUIV. 

I 1 



t» 



TO 

SAMPLING 

SCOPE 

50Q 

INPUT 



Vqs(ON)=+10V - 
INPUT 

VgS(OFF) ' 

VdS(OFF) 
OUTPUT 

V0S(ON) 



-±90% Jr 90% 

t^50% Jr50% 

— Jr 10% A- 10% 




^ »(OFF) * 



T L 10^( 
Jt90% 
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Capacitance 

T A =25°C 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


Ciss(N) 


N-Channel Input Capacitance 






175 


PF 


VGS=0,V DS =12V,f=1MHz 


Ciss(P) 


P-Channel Input Capacitance 






190 


PF 


VGS = 0,V DS =12V,f=1MHz 





CIRCUIT DIAGRAM 



Dl- 



<p: 



Gi- 



D 4 



3> 



-a. 





PACKAGING INFORMATION 



10 11 12 13 



I 0.275 (6.99) 



0.023 (0.S8) 
0.015(0.38)-* 
TYP. 




0.070(1.78) 
•*"" 0.040 (1. 02) "^ 
TYP. 



0.110(2.79) 
0.090 (2.29) 
TYP. 
TOLERANCE NON-ACCUMULATIVE 



0.200 (5.08) 
j_ 0.100(2.54) 



0.160(4.06) 
0.125(3.18) 



0.320(8.13) 
" 0.290(7.37)" 



0.012(0.31) 

0.008 (0.20) 

TYP. 



DIMENSIONS IN INCHES AND (MILLIMETERS) 
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2910A 
PCM CODEC - /iLAW 

8-BIT COMPANDED A/D AND D/A CONVERTER 



291 OA 


Microcomputer* Mode 
or Direct Mode 


2910A-4 


Direct Mode Only 



Per Channel, Single Chip Codec 

CCITT G711 and G712 Compatible, 
ATT T1 Compatible with 8th Bit 
Signaling 

Microcomputer Interface with On-Chip 
Timeslot Computation (291 OA) 

Simple Direct Mode Interface When 
Fixed Timeslots are Used 



78 dB Dynamic Range, with Resolution 
Equivalent to 12-Bit Linear Conversion 
Around Zero 

±5% Power Supplies: +12V, +SV, 
-5V 

Precision On-Chip Voltage Reference 

Low Power Consumption 230 mW Typ. 
Standby Power 33 mW Typ. 

Fabricated with Reliable N-Channel 
MOS Process 



The Intel® 2910A is a fully Integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-anaiog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link and provide in-band signaling. 

The primary applications are in telephone systems: 

• Transmission — T1 Carrier 

• Switching — Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 2910A (78dB) and the minimal conversion time (80>sec minimum) make it an ideal 
product for other applications, like: 

• Data Acquisition • Secure Communications Systems 

• Telemetry • Signal Processing Systems -Microcomputer mode I, explained on page 4. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




@ SIG X - 

® VF x- 
(7) AUTO ■* 
© CAP 1 x . 
(5)CAP2 X . 



PIN NAMES 



CAP1 X> CAP2 X 


Holding Capacitor 


VF X 


Analog Input 


VF R 


Analog Output 


D R , D C . SIG X 


Digital Input 


SIGr, d x> TS x 


Digital Output 


CLK C> CLK X , CLK R 


Clock Input 


FS X , FS R 


Frame Sync Input 


AUTO 


Auto Zero Output 


V B B 


Power (-5V) 


v C c 


Power(+5V) 


V D D 


Power (+ 12 V) 


PON 


Power Down 


GRDA 


Analog Ground 


GRDD 


Digital Ground 


NC 


No Connect 



® VF R <+" 
© SIG R ^_ 



TRANSMIT SECTION A/D 



SUCCESSIVE 

APPROXIMATION 

REGISTER 




CONTROL SECTION 



<\ 



CONTROL 
REGISTER 



RECEIVE SECTION 
D/A 



INPUT 
REGISTER 



O PIN NUMBER 



t 


t 


J 


J 


w* 


GRDA 


GRDD 


V BB 


v C c 


v oo 


© 


@ 


® 


® 


® 



■ TS X ® 

-Dx (0) 
-CLK X @ 
-FS X @ 



-CLKc (g) 

- PDN (?) 

- D R ® 
_CLK R (g) 
-FS R ® 
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PIN DESCRIPTION 



Pin No. 


SymboS 


Function 


Description 


1 


CAP1 X 


Hold 


Connections for the transmit 


2 


CAP2 X 


holding capacitor. Refer to Ap- 
plications section. 


3 


VF X 


Input 


Analog input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synch- 
ronization pulse FSx, and the 
sample value is held in the ex- 
ternal capacitor connected to 
the CAP1 X and CAP2 X leads 
until the encoding process is 
completed. 


4 


AUTO 


Output 


Most significant bit of the en- 
coded PCM word (+5V for nega- 
tive, -5V for positive inputs). 
Refer to the Codec Applications 
section. 


5 


GRDA 


Ground 


Analog return common to the 
transmit and receive analog cir- 
cuits. Not connected to GRDD 
internally. 


6 


SIG R 


Output 


Signaling output SIGr is up- 
dated with the 8th bit of the re- 
ceive PCM word on signaling 
frames, and is latched between 
two signaling frames. TTL inter- 
face. 


7 


v D d 


Power 


+ 12V ± 5%; referenced to GRDA. 


8 


Dr 


Input 


Receive PCM highway (serial 
bus) interface. The Codec seri- 
ally receives a PCM word (8 bits) 
through this lead at the proper 
time defined by FSr, CLKr, Dq, 
and CLKq. 


9 


PDN 


Output 


Active high when Codec is in 
the power down state. TTL inter- 
face. Open drain output. 


10 


VF R 


Output 


Analog output. The voltage pres- 
ent on VFr is the decoded value 
of the PCM word received on 
lead Dr. This value is held con- 
stant between two conversions. 


11 


NC 


No 
Connects 


Recommended practice is to 


12 


NC 


strap these NC's to GRDA. 


13 


GRDD 


Ground 


Ground return common to the 
logic power supply, Vcc- 


14 


Dx 


Output 


Output of the transmit side onto 
the send PCM highway (serial 
bus). The 8-bit PCM word is seri- 
ally sent out on this pin at the 
proper time defined by FSx, 
CLK X , D c , and CLK C . TTL three- 
state output. 



Pin No. 


Symbol 


Function 


Description 


15 


^ 


Output 


Normally high, this signal goes 
low while the Codec is transmit- 
ting an 8-bit PCM word on the 
Dx lead. (Timeslot information 
used for diagnostic purposes 
and also to gate the data on the 
Dx lead.) TTL interface, open 
drain output. 


16 


v C c 


Power 


+5V±5%, referenced to GRDD. 


17 


CLKr 


Input 


Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 1.544 Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1 Mbps. 50% duty 
cycle. TTL interface. 


18 


FSr 


Input 


Frame synchronization pulse 
for the receive PCM highway. 
Resets the on-chip timeslot 
counter for the receive side. 
Maximum repetition rate 12 KHz. 
Also used to differentiate be- 
tween nonrsignaling frames and 
signaling frames for the receive 
side. TTL interface. 


19 


CLK X 


Input 


Master transmit clock defining 
the bit rate on the transmit PCM 
highway. Typically 1.544 Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1 Mbps. 50% duty 
cycle. TTL interface. 


20 


FS X 


Input 


Frame synchronization pulse 
for the transmit PCM highway. 
Resets the on-chip timeslot 
counter for the transmit side. 
Maximum repetition rate 12 KHz. 
Also used to differentiate be- 
tween non-signaling frames on 
the transmit side. 


21 


SIG X 


Input 


Signaling input. This digital in- 
put is transmitted as the 8th bit 
of the PCM word on the Dx lead, 
on signaling frames. TTL inter- 
face. 


22 


V B B 


Power 


-5V±5%, referenced to GRDA. 


23 


D C 


Input 


Data input to program the Codec 
for the chosen mode of opera- 
tion. Becomes an active low 
chip select when CLKc is tied to 
Vqc- TTL interface. 


24 


CLK C 


Input 


Clock input to clock in the data 
on the Dc lead when the time- 
slot assignment feature is used; 
tie to Vqc to disable this fea- 
ture. TTL interface. 
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FUNCTIONAL DESCRIPTION 

The 291 0A PCM Codec provides the analog-to-digital 
and the digital-to-analog conversions necessary to inter- 
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TDM) 
system. 

In a typical telephone system the Codec is used between 
the PCM highways and the line filters. 

The Codec provides two major functions: 

• Encoding and decoding of analog signals (voice and 
call progress tones) 

• Encoding and decoding of the signaling and super- 
vision information 

On a non-signaling frame, the Codec encodes the 
incoming analog signal at the frame rate (FSx) into an 
8-bit PCM word which is sent out on the D x lead at the 
proper time. Similarly, the Codec fetches an 8-bit PCM 
word from the receive highway (D R lead) and decodes an 
analog value which will remain constant on lead VF R 
until the next receive frame. Transmit and receive 
frames are independent. They can be asynchronous 
(transmission) or synchronous (switching) with each 
other. 

For channel associated signaling, the Codec transmit 
side will encode the incoming analog signal as 
previously described and substitute the signal present 
on lead SIG X for the least significant bit of the encoded 
PCM word. Similarly, on a receive signaling frame, the 
Codec will decode the 7 most significant bits according 
to the CCITT G733 recommendation and will output the 
least significant bit value on the SIG R lead until the next 
signaling frame. Signaling frames on the send and 
receive sides are independent of each other, and are 
selected by a double-width frame sync pulse on the 
appropriate channel. 




Functional Block Diagram of Line Circuit 

The 2910A Codec is intended to be used on line and 
trunk terminations. The call progress tones (dial tone, 
busy tone, ring-back tone, re-order tone), and the pre- 
recorded announcements, can be sent through the 
voice-path; digital signaling (off hook and disconnect 
supervision, rotary dial pulses, ring control) is sent 
through the signaling path. 

Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed and 
discrete timeslots sent to each Codec within a system. 

In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 



CODEC OPERATION 
Codec Control 

The operation of the 2910A is defined by serially loading 
an 8-bit word through the D c lead (data) and the CLK C 
lead (clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever tran- 
sitions occur on the CLK C lead. The D c input is loaded 
in during the trailing edge of the CLK C input. 



CLK C 




BIT! BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8 



_ SELECT. 
MODE 



TIMESLOT: n x , n R 

The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power- 
down mode (11). In the last case (11), the following 6 bits 
are irrelevant. 



The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 1 1 1 1 1 1 (timeslot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 



Bit 1 


Bit 2 


Mode 








X&R 





1 


X 


1 





R 


1 


1 


Standby 



Bit 




3 4 5 6 7 8 


Timeslot 





1 


1 


2 


• 


• 


• 


• 


• 


• 


• 


• 


111111 


64 



The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timeslots for switching 
applications. 



4-3 



291 OA 



Microcomputer Control Mode (291 OA) 

In the microcomputer mode, each Codec performs its 
own timeslot computation independently for the trans- 
mit and receive channels by counting clock pulses 
(CLK X and CLKr). All Codecs tied to the same data bus 
receive identical framing pulses (FS X and FSr). The 
framing pulses reset the on-chip timeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec is programmed via CLKq 
and D c for the desired transmit and receive timeslots 
according to the description in the Codec Control 
Section. All Codecs tied to the same D R bus will, in 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, in which case 
the transmit and receive channels must be synchronous 
(CLK X = CLK R .) There are no other restrictions on time- 
slot assignments; a device may have the same transmit 
and receive timeslot even if a single bus is used. 

There are several requirements for using the CLK C -Dc 
interface in the microcomputer mode. 

1. A complete timeslot assignment, consisting of eight 
negative transitions of CLK C , must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as a!! 8 control bits are clocked 
in within a total span of 125 /usee (for an 8 KHz frame 
rate). CLK C must be left at a TTL low level when not 
assigning a timeslot. 

2. A dead period of two frames must always be observed 
between successive timeslot assignments. The two 
frame delay is measured from the rising edge of the 
first CLK C transition of the previous timeslot 
assigned. 

3. When the device is in the power-down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device out of power-down and 
registers the timeslot information in the lower six 
bits of the control word. 



4. Initialization sequence: The device contains an on- 
chip power-on clear function which guarantees that 
with proper sequencing of the supplies (V C c or V DD 
on last), the device will initialize with no timeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplies are 
applied, it is recommended that either power down 
assignment be made first, or the first timeslot assign- 
ment be a transmit timeslot or a transmit/receive 
timeslot. The consequence of making a receive time- 
slot assignment first, after supply application, is that 
the transmit channel will assume timeslot 1, poten- 
tially producing bus contention. 

5. Transmit only/receive only operation is permitted pro- 
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan- 
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for time- 
slot 3. The Codec will output a PCM word on the trans- 
mit PCM highway (bus) during the timeslot 2 of the 
transmit frame, and will fetch a PCM word from the 
receive PCM highway during timeslot 3. 

L— SEPARATED BY AT LEAST TWO FRAMES-*] 

J T lJ2lJTU'qj5lj6|J7LJaL 

CLK C j 



In this example the Codec interface to the PCM highway 
then functions as shown below. (FS X and FSr may be 
asynchronous.) 



FS X IN 



XMT TIME SLOT 1 



-J 2 9 4 5 6 7 



XMT TIME SLOT 2 



_J i 2 4 5 6 7 



-*+- 



XMT TIME SLOT 3 



2 3 4 5 



cu x in JXTLhJlJlJ^JTJ^nJlJTJlJTJTJTJl^^ 



Dx OUT 
ISx" OUT 



FS„ IN 



I I I I I I I I I 



RCV TIME SLOT 1 



_2 3 4 5_ 



RCV TIME SLOT 2 



_Z 8 ■ 1 2 3 fl § 6 Z_ 



» , [ ^ RCV TIME SLOT 3 

8 ' 1 2 3 4L 5 6 Z_ 



clk r in JlJTJTJTJHJTJTJTri^ 



d r in 



I 



I I I I I l_ 



I I I I I 

PCM WORD CLOCKED IN 
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Direct Control Mode 

The direct mode of operation will be selected when the 
CLKq pin is strapped to the +5 volt supply (V C c)- In this 
mode, the Dq pin is an active low chip select. In other 
words, when D c is low, the device transmits and 
receives in the timeslots which follow the appropriate 
framing pulses. With D c high the device is in the power 
down state. Even though CLK C characteristics are 
simpler for the 2910A it will operate properly when 
plugged into a 2910 board. 

Deactivation of a channel by removal of the appropriate 
framing pulse (FS X or FSr) is generally not permitted. 
Specifically, framing pulses must be applied for a 



minimum of two frames after a change in state of Dc in 
order for the D c change to be internally sensed. In 
particular, when entering standby in the direct mode, 
framing pulses must be applied as usual for two frames 
after Dc is brought high. Thereafter, the framing pulses 
could, if desired, be removed until such time as the 
device is to be reactivated by the reapplication of 
framing pulses with D c low. 

The Codec will enter the direct mode within three frame 
times (375ysec) as measured from the time the device 
power supplies settle to within the specified limits. This 
assumes that CLKc is tied to Vcc and that all clocks are 
available at the time the supplies have settled. 



General Control Requirements 

All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be deactivated by removal of its associated frame or bit 
clock while the other channel of the same device 
remains active. 



A single channel cannot be deactivated except by 
physical disconnection of the data lead (D x or Dr) from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated in either control mode by 
powering down the device. Both channels are always 
powered down together. 



Encoding 

The VF signal to be encoded is input on the VF X lead. An 
internal switch samples the signal and the hold function 
is performed by the external capacitor connected to the 
CAP1 X and CAP2 X leads. The sampling and conversion 



is synchronized with the transmit timeslot. The PCM 
word is then output on the D x lead at the proper time- 
slot occurrence of the following frame. The A/D 
converter saturates at approximately ±2.2 volts RMS 
(±3.1 volts peak). 




Decoding 

The PCM word is fetched by the D R lead from the PCM 
highway at the proper timeslot occurrence. The decoded 
value is held on an internal sample and hold capacitor. 



The buffered non-return to zero output signal on the VFr 
lead has a dynamic range of approximately ±2.2 volts 
RMS (±3.1 volts peak). 



Signaling 

The duration of the FS X and FS R pulses defines whether 
a frame is an information frame or a signaling frame: 

• A frame synchronization pulse which is a full clock 
period in duration (CLK X period for FS X , CLK R period 
for FSr) designates a non-signaling frame. 



• A frame synchronization pulse which is two full clock 
periods in duration (two CLK X periods for FS X , two 
CLK R periods for FSr) designates a signaling frame. 

On the encoding side, when the FS X pulse is widened, 
the 8th bit of the PCM word will be replaced by the value 
on the SIG X input at the time when the 8th bit is output 
on the D x lead. 
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TSn x - 



r 



cLK x jnJ"nj^u^u^uiu7i^^ 

192 8n-7 XMIT SIGNAL FRAME 




On the decoding side, when the FSr pulse is widened, 
the 8th bit of the PCM word is detected and transmitted 
on the SIG R lead. That output is latched until the next 
receiving signaling frame. 



The remaining 7 bits are decoded according to the value 
given in the CCITT G733 recommendation. The SIGr 
lead is reset to a TTL low level whenever the Codec is in 
the power-down state. 



TSl R 



-I 



r 



CLK B JTUTUIUJUJUiU^JTLRJ^ JTJ^^ 

192 REC. SIGNAL FRAME 

-T1 , s I 



FS, 



d r ::::::: :::::::::::"::::::::::::":::::::Ka^^ 



SIGr 



; iiixMiMy^JM^x^ri::'. 



i 



T1 Framing 

The Codec will accept the standard 03/ D4 framing 
format of 193 clock pulses per frame (equivalent to 



CLK X , CLK R _ of 1.544 Mb/sec). However, the 193rd bit 
may be blanked (equivalent to CLK X , CLK R of 
1 .536 Mb/sec) if desired. 



Standby Mode — Power Down 

To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for D c and CLK C leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(D c ) with a "1" in bits 1 and 2 locations. In the direct 
mode when D c is brought high, the all "1's" control 
word is internally transferred to the control register, 



invoking the standby condition. 

While in the standby mode, the D x output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. The SIG R output is held low 
to provide a known condition and remains this way upon 
activation until it is changed by signaling. 

The power consumption in the standby mode is typically 
33 mW. 



Power-On Clear 

Whether the device is used in the direct or microcom- 
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 
methods. (1) Device power supplies are turned on in a 
system power-up situation where either V cc or Vqd is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to less than approxi- 
mately 2 volts. (3) A board containing Codecs is plugged 
into a "hot" system where Vcc or v dd is the last contact 



made. It may be necessary to trim back the edge 
connector pins or fingers on V cc or V DD relative to the 
other supply to guarantee that the power-on clear will 
operate properly when a board is plugged into a "hot" 
system. Furthermore, the Codec will inhibit activity on 
TS X and D x during the application of power supplies. 

The device is also tolerant of transients in the negative 
supply (V BB ) so long as V B b remains more negative than 
-3.5 volts. V BB transients which exceed this level 
should be detected and followed by a system reinitial- 
ization. 



Precision Voltage Reference for the 
D/A Converter 

The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 



A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described in the A.C. Transmission Specification 
section. 
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fj-Law Conversion 

f-t-law represents a particular implementation of a piece- 
wise linear approximation to a logarithmic compression 
curve which is: 



CODEC TRANSFER CHARACTERISTIC 

fVF R 



F(x) = Sgn(x) 



ln(1+|i|x|) 
ln(1 + M) 



., < |x| < 1 



where 



x = input signal 



Sgn(x)= sign of input signal 

\i= 255 (defined by AT&T) 

The 2910A m = 255 law Codec uses a 15 segment approx- 
imation to the logarithmic law. Each segment consists 
of 16 steps. In adjacent segments the step sizes are in a 
ratio of two to one. Within each segment the step size is 
constant except for the first step of the first segment of 
the encoder, as indicated in the attached table. The 
output levels are midway between the corresponding 
decision levels. The output levels y n are related to the 
input levels x n by the expression: 




Xn "t" Xri+I 

y n = forKn<127 



y = x = for n = 
These relationships are implicit in the attached table. 



DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 



CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 






DIGITAL 
INPUT 



During signaling frames, a 7-bit transfer characteristic 
is implemented in the decoder. This characteristic is 
derived from the decoder values in the attached table by 
assuming a value of "1 " for the LSB (8th bit) and shifting 
the decoder transfer characteristic one half-step away 
from the origin. For example, the maximum decoder 
output level for signaling frames has normalized value 
7903, whereas it has value 8031 in normal (non- 
signaling) frames. 
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Theoretical ji-Law — Positive Input Values (for Negative Input Values, Invert Bit 1) 



Segment 
Number 



No. of Steps 
x Step Size 



Value 

at Segment 

End 

Points 



Decision 

Value 
Number n 



Decision 
Value x n 1 



PCM Word 3 



msb Bit Number lsb 
12 3 4 5 6 7 8 



Normalized 

Value 
at Decoder 
Output y n < 



Decoder 

Output 

Value 

Number 



16x256 



16x128 



16x64 



16x32 



16x16 



16x8 



15x2 



1x1 



8159 s 



4063 



2015 



991 



479 



223 



95 



(128) 

127 

I 
I 

I 
113 

112 
I 
I 
I 
I 
97 

96 

I 
I 
I 
I 
81 

80 



64 

I 

I 

I 

49 

48 

I 
I 



33 

32 

I 
I 
I 
I 
17 

16 

I 
I 
I 
I 
2 

1 





(8159) 

7903 
I 
I 
I 
I 

4319 

4063 
I 
I 
I 
I 

2143 

2015 
I 
I 
I 
I 

1055 

991 



479 
I 
I 
I 
I 

239 

223 

I 
I 
I 
I 
103 



I 

I 
35 



10 



1 

I 

(see Note 2) 

I 

I 



r 

i 

(see Note 2) 

I 



10 11111 



I 



(see Note 2) 



10 10 1111 



I 
(see Note 2) 



10 111111 



(see Note 2) 



110 1111 

1 

I 
(see Note 2) 



110 11111 



I 
I 

(see Note 2) 



1110 1111 
1 



(see Note 2) 



11111110 



11111111 



— 803 



10 1111 — 419 



— 2079 



1023 



495 



— 23 



33 



127 



112 



96 



80 



64 



48 



32 



16 



Notes: 

1. 8159 normalized value units correspond to the value of the on-chip voltage reference. 

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 (see column 4) 
is (255- n) expressed as a binary number. 

3. The PCM word on the highways is the same as the one shown in column 6. 

4. The voltage output on the VFr lead is equal to the normalized value given in the table, augmented by an offset. The offset value is 
approximately 15 mV. 

5. x-|28 I s a virtual decision value. 
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2910A 



APPLICATIONS 



Circuit Interface — 
Without External Auto Zero 



Circuit Interface — 
With External Auto Zero 




2912A FILTER 





"1 


II 






ENCODER 
FILTER 
VF X0 




I 


VF X I 






II 
Ci 

.3/*F 

R 2 
330fi 


I Ri 
< 150 KI] 


I 
I 






1 r7 

< 470 KO 

— GRDA 


I 

I 

I 

VFr I 




DECODER UP 
FILTER VhRI 










I 









291 2A FILTER 



Holding Capacitor 

For an 8 KHz sampling system the transmit holding 
capacitor CAP X should be 2000pF± 20%. 

Auto Zero 

The 2910A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop, the on-chip auto zero reduces 
the input offset voltage of the encoder (VFx) to less than 
3mV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 

Where lower input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
signal, resulting in slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 

The circuit interface without external auto zero shows a 
possible connection between VF X and AUTO leads with 



the recommended values of Ci = 0.1 pf and R 1 = 150 KQ. 
The circuit interface with auto zero drawing shows a 
possible connection between the VF X and AUTO leads 
with the recommended values of C-i = 0.3mF, Ri 
= 150KQ, R 2 =330Q, and R 3 =470KQ. 



Filters Interface 

The filters may be interfaced as shown in the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 2912A filter. 



Dx Buffering 

For higher drive capability or increased system reli- 
ability it may be desirable that the D x output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with t he a ppropriate Codec generated 
TS X signal or signals. TS X signal may also be used to 
activate external zero code suppressio n log ic, since the 
occurrence of an active state of any TS X implies the 
existence of PCM voice bits (as opposed to transparent 
data bits) on the bus. 
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Grounding, Decoupling, and Layout 
Recommendations 

The most important steps in designing a low noise line 
card are to insure that the layout of the circuit com- 
ponents and traces results in a minimum of cross coup- 
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 

1. All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 10>F) per board is recom- 
mended at the point where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 

2. When using two-sided PCBs, use both correspond- 
ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 

3. Lay out the traces on codec- and filter-equipped 
boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 

4. Connect the codec sample and hold capacitor with 
the shortest leads possible. Mount them as ciose to 
the device pins as can be achieved. Shield the 
capacitor traces with analog ground. 

5. Do not lay out any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped- 
ance circuits which are sensitive to noise coupling. 

6. Keep analog voice circuit leads paired on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 

7. Arrange the layout for each duplicated line, trunk or 
channel circuit in identical form. 

8. Line circuits mounted extremely close to adjacent 
line circuits increase the possibility of interchannel 
crosstalk. 

9. Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digital 
(periodic) signals or power. 

10. The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the 
power supply with a low impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 

11. The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2^H or greater, as space allows, 
between leads GRDA and GRDD on each board. 



12. Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con- 
nections between devices and with no crossing 
analog lines. 

13. No digital or high voltage level (such as ringing sup- 
ply) lines should run under or in parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
coupling. 

14. Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 

15. Two +5 volt power supply leads (V C c) should be 
used on each PCB, one to the filters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5 volt lead. The 
capacitor should be at least 10>F in parallel with a 
0.1 piF ceramic. This filters both high and low 
frequencies and accommodates large current 
spikes due to switching. 

16. Both grounds and power supply leads must have low 
resistance and inductance. This should be accom- 
plished by using a ground plane whenever possible. 
When narrower traces must be used, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through holes should 
be used when passing the ground connections 
through the PCB. 

17. The 2912A PCM filter should have all power sup- 
plies bypassed to analog ground (GRDA). The 2910A 
Codec + 5V power supplies should be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply leads are used as sug- 
gested in item 15. The -5V and +12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 yF 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). 

18. Relay operation, ring voltage application, interrup- 
tions, and loop current surges can produce enor- 
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is particu- 
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick- 
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 
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Absolute Maximum Ratings* 

Temperature Under Bias -10°Cto+80°C V cc , V DD , GRDD, and GRDA with Respect 

Storage Temperature -65°C to +150°C to V BB - 0.3V to + 20V 

All Input or Output Voltages with Power Dissipation 1.35W 

Respect to V BB -0.3V to +20V 

*Commont: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



D.C. and Operating Characteristics 



T A =0°C to +70°C, V DD =+12V±5%, V CC =+5V±5%, V BB =-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



Symbol 



Parameter 



Limits 



Min 



Typ 1 



Max 



Unit 



Test Conditions 



DIGITAL INTERFACE 












IlL 


Low Level Input Current 






10 


MA 


V|N<V, L 


l|H 


High Level Input Current 






10 


ma 


V|N>V| H 


ViL 


Input Low Voltage 






0.6 


V 




V| H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


D x , loL= 4 -0 mA 

SIG R , I l= 0.5mA 

TS^, I l= 3.2 mA, open drain 

PDN, I l= 1.6 mA, open drain 


Vqh 


Output High Voltage 


2.4 






V 


Dx, loH = 15mA 
SIG R , I h = 0.08 mA 



ANALOG INTERFACE 












Zai 


Input Impedance when Sampling, VF X 


125 


300 


500 


Q 


in series with CAP X to GRDA, 
-3.1V <V, N < 3.1V 


Z AO 


Small Signal Output Impedance, VF R 


100 


180 


300 


Q 


-3.1V <V 0U T< 3.1V 


V R 


Output Offset Voltage at VF R 


-50 




+ 50 


mV 


all "1s" code sent to D R 


Vix 


Input Offset Voltage at VF X 


-5 




5 


mV 


VF X voltage required to 
produce all "1s" code at D x 


Vol 


Output Low Voltage, Auto Zero 




v BB 


(V BB +2) 


V 


400KQtoGRDA 


Vqh 


Output High Voltage, Auto Zero 


(Vcc -2) 


Vcc 




V 


400KQtoGRDA 



POWER DISSIPATION 












•ddo 


Standby Current 




0.7 


1.1 


mA 




■ceo 


Standby Current 




4 


7.0 


mA 




Ibbo 


Standby Current 




1 


2.5 


mA 




•ddi 


Operating Current 




11 


16 


mA 


clock frequency = 2.048 MHz 


•cci 


Operating Current 




13 


21 


mA 




•bbi 


Operating Current 




4 


6 


mA 





Notes: 

1. Typical values are for Ta= 25 °C and nominal power supply values. 
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A.C. Characteristics 

T A =0°C to +70°C, V DD =+12V±5%, V C c=+5V±5%, V B b=-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



Symbol 



Parameter 



Limits 



Min 



Typ 1 Max 



Unit 



Test Conditions 



TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified) 



S/D 


Signal/Total Distortion Ratio, 
C-Message Weighted (see Figure 1) 


Fig. 1 


Fig. 1 




dB 


VF X = 1.02 KHz, sinusoid 


S/D 


Signal/Total Distortion Ratio, 
C-Message Weighted (half-channel) 2 
(see Figure 1) 




Fig. 1 




dB 


VF X = 1.02 KHz, sinusoid 


AG 


Gain Tracking Error (see Figure 2) 


-0.4 

-0.8 
-2.4 




0.4 

0.8 
2.4 


dB 

dB 
dB 


VF X = 1.02 KHz, sinusoid 
-37dBmO < VF X < OdBmO 

-50dBmO < VF X < -37dBmO 

-55dBmO < VF X < -50dBmO 


AG 


Gain Tracking Error (half-channel) 2 
(see Figure 2) 




±0.2 

±0.4 
±1.2 




dB 

dB 
dB 


VF X = 1.02 KHz, sinusoid 
-37dBmO < VF X < OdBmO 

-50dBmO < VF X < -37dBmO 

-55dBmO < VF X < ~50dBm0 


Nici 


Idle Channel Noise, C-Message 
Weighted 




2 


10 


dBrncO 


no signaling 3 


N|C2 


Idle Channel Noise, C-Message 
Weighted 




10 


13 


dBrncO 


with 6th and 12th frame 
signaling 3 


HD 


Harmonic Distortion (2nd or 3rd) 




-48 


-44 


dB 


VF X = 1.02 KHz, OdBmO; 
measured at decoder output 
VF R 


IMD 


Intermodulation Distortion 
2nd Order 
3rd Order 






-45 
-55 


dB 
dB 


4-tone stimulus in 
accordance with BSTR 
PUB 41009 




2910A TYPICAL, % CHANNEL 
291 0A SPEC, END-TO-END \ 4 ' dB 



AT&T 

D3 CHANNEL BANK 

COMPATIBILITY 

SPECIFICATION 

(ISSUE 3 10-77) 

END-TO-END 



-30 -20 

INPUT LEVEL (dBmO) 



IT 






L 



r 




Figure 1. Signal/Total Distortion Ratio 



Figure 2. Gain Tracking Error (AG) vs Signal 
Level dBmO 



4-12 



2910A 



A.C. Characteristics (continued) 

T A =0°C to +70°C, V DD =+12V±5%, Vcc=+5V±5%, V BB =-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ 1 


Max 


GAIN AND DYNAMIC RANGE 


DmW 


Digital Milliwatt Response 


5.53 


5.63 


5.73 


dBm 


23°C, nominal supplies 4 


DmW T 


DmW Variation with Temperature 




-0.001 


-0.002 


dB/°C 


relative to 23 °C 4 


DmW s 


DmWo Variation with Supplies 






±0.07 


dB 


supplies ±5% 4 


Air 


Input Dynamic Range 


2.17 


2.20 


2.23 


Vrms 


using D.C. and A.C. tests 5 


Airt 


Input Dynamic Range with 
Temperature 






-0.5 


mV RMS /°C 


relative to 23 °C 


Airs 


Input Dynamic Range with Supplies 






±18 


mVRwis 


supplies ±5% 


AOR 


Output Dynamic Range, VF R 


2.13 


2.16 


2.19 


Vrms 


23°C, nominal supplies 


AORT 


Aor Variation with Temperature 






-0.5 


hiVrms/X 


relative to 23 °C 


Aqrs 


A R Variation with Supplies 






±18 


mV RM s 


supplies ±5% 



SUPPLY REJECTION AND CROSSTALK 












PSRR-, 


V DD Power Supply Rejection Ratio 


50 






dB 


decoder alone 6 


PSRR 2 


Vbb Power Supply Rejection Ratio 


35 






dB 


decoder alone 6 


PSRR 3 


Vcc Power Supply Rejection Ratio 


50 






dB 


decoder alone 6 


PSRR 4 


Vqd Power Supply Rejection Ratio 


50 






dB 


encoder alone 7 


PSRR 5 


V BB Power Supply Rejection Ratio 


45 






dB 


encoder alone 7 


PSRR 6 


Vcc Power Supply Rejection Ratio 


50 






dB 


encoder alone 7 


CT R 


Crosstalk Isolation, Receive Side 


75 


80 




dB 


see Note 8 


CT T 


Crosstalk Isolation, Transmit Side 


75 


80 




dB 


see Note 9 


CAPX 


Input Sample and Hold Capacitor 


1600 


2000 


2400 


PF 





Notes: 

1. Typical values are for T A = 25 °C and nominal power supply values. 

2. Measured in one direction, either decoder or encoder and an ideal device. 

3. If the external auto-zero is used N tc1 has a typical value of 8 dBrncO and N 1C1 has a typical value of 13 dBrncO. 

4. D R of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.71 1 . Measurement made at VF R 
output. 

5. With the D.C. method the positive and negative clipping levels are measured and A m is calculated. With the A.C. method a sinusoidal input signal to 
VF X is used where A )R is measured directly. 

6. D.U.T. decoder; impose 200 mV P . P , 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 

7. D.U.T. encoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 

8. VF X of D.U.T. encoder= 1.02 KHz, dBmO. Decoder under quiet channel conditions; measurement made at decoder output. 

9. VF x = Vrms. Decoder = 1.02 KHz, dBmO. Encoder under quiet channel conditions; measurement made at encoder output. 
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A.C. Characteristics — Timing Specification 

T A =0 Q C to +70°C, V DD =+12V±5%, V C c=+5V±5%, V BB =-5V±5%, GRDA^OV, GRDD = 0V, unless otherwise specified. 





Parameter 


Limits 


Units 




Symbol 


Min 


Max 


Comments 


CLOCK SECTION 


tCY 


Clock Period 


485 




ns 


CLK X , CLK R (2.048 MHz systems), CLK C 


tr,tf 


Clock Rise and Fall Time 





30 


ns 


CLK X> CLK R , CLKc 


tCLK 


Clock Pulse Width 


215 




ns 


CLK X , CLK R> CLK c 


tCDC 


Clock Duty Cycle (t C LK^ tcy) 


45 


55 


% 


CLK X , CLKr 


TRANSMIT SECTION 


*VFX 


Analog Input Conversion 


20 




timeslot 


from leading edge of transmit timeslot 1 


*DZX 


Data Enabled on TS Entry 


50 


180 


ns 


0<C LO ad< 100 pF 


*DHX 


Data Hold Time 


80 


230 


ns 


0<C LO ad< 100 pF 


*HZX 


Data Float on TS Exit 


75 


245 


ns 


Cload = 


tsON 


Timeslot X to Enable 


30 


220 


ns 


0< C L oad< 100 pF 


tsOFF 


Timeslot X to Disable 


70 


225 


ns 


Cload = 


*SS 


Signal Setup Time 







ns 


relative to bit 7 falling edge 


*SH 


Signal Hold Time 


100 




ns 


relative to bit 8 falling edge 


*FSD 


Frame Sync Delay 


15 


150 


ns 




RECEIVE AND CONTROL SECTIONS 


*VFR 


Analog Output Update 


7 1/16 


7 1/16 


timeslot 


from leading edge of the channel timeslot 


*DSR 


Receive Data Setup 


20 




ns 




*DHR 


Receive Data Hold 


60 




ns 




tsiGR 


SIG R Update 




1 


MS 


from trailing edge of the channel timeslot 


*FSD 


Frame Sync Delay 


15 


150 


ns 




*DSC 


Control Data Setup 


100 




ns 


Microcomputer mode only 


*DHC 


Control Data Hold 


100 




ns 


Microcomputer mode only 



Notes: 

1. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or 
asynchronous operation of the Codec. If the transmit channel only is operated, the A/D conversion can be completed in a 
minimum of 1 1 timeslots. Refer to the Codec Control General Requirement section for instructions on setting a channel in an idle 
condition. 
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2910A 



TIMING WAVEFORMS 111 

TRANSMIT TIMING 




RECEIVE TIMING 



NON-SIGNALING 
FRAMES 





CONTROL TIMING 




Notes: 1. All timing parameters referenced to 1.5V, except t HZX and t S0 FF which reference a high impedance state. 
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2911A 
PCM CODEC — A LAW 

8-BIT COMPANDED A/D AND D/A CONVERTER 



2911A-1 


Microcomputer* Mode 
or Direct Mode 


2911A-2 


Direct Mode Only 



■ 66 dB Dynamic Range, with Resolution 
Equivalent to 11 -Bit Linear Conversion 
Around Zero 

■ ±5% Power Supplies: +12V, +5V, -5V 

■ Precision On-Chip Voltage Reference 

■ Low Power Consumption 230 mW Typ. 
Standby Power 33 mW Typ. 

■ Fabricated with Reliable N-Channel 
MOS Process 

The Intel® 2911 A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link. 

The primary applications are in telephone systems: 

• Transmission — 30/32 Channel Systems at 2.048 Mbps 

• Switching — Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 2911 A (66 dB) and the minimal conversion time (80jusec minimum) make it an ideal 
product for other applications, like: 



Per Channel, Single Chip Codec 

CCITT G711 and G732 Compatible, 
Even Order Bits Inversion Included 

Microcomputer Interface with 
On-Chip Time-Slot Computation 
(2911A-1) 

Simple Direct Mode Interface When 
Fixed Timeslots Are Used 



• Data Acquisition 

• Telemetry 



• Secure Communications Systems 

• Signal Processing Systems 



* Microcomputer mode is explained on page 4. 



PIN CONFIGURATION 



CAPIxC 
CAP2xC 
VFxC 
AUTOC 
GRDAC 

VddC 
DrC 

pdnC 

VFrC 
NCC 
NCC 



22 
21 
20 
19 
18 
2911A 17 



HCLKc 

HVbb 

HFSx 

DCLKx 

DFSr 

DCLKr 

DVCC 

HTSx 

HDX 

Hgrdd 



CAP1 X ,CAP2 X 


Holding Capacitor 


VF X 


Analog Input 


VFr 


Analog Output 


Dr,D c 


Digital Input 


D x> TSx 


Digital Output 


CLK C , CLK X , CLKr 


Clock Input 


FS X , FS R 


Frame Sync Input 


AUTO 


Auto Zero Output 


V B B 


Power(-5V) 


v C c 


Power(+5V) 


V D D 


Power (+ 12 V) 


PDN 


Power Down 


GRDA 


Analog Ground 


GRDD 


Digital Ground 


NC 


No Connect 



© VF x- 

© AUTO - 
©CAP1 X , 
©CAP2 X . 



® VF R^ 



O P| N NUMBER 
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PIN DESCRI 


PTION 




Pin No. 


Symbol 


Function 


Description 


1 


CAP1 X 


Hold 


Connections for the transmit 


2 


CAP2 X 


holding capacitor. Refer to Ap- 
plications section. 


3 


VF X 


Input 


Analog input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synch- 
ronization pulse FSx, and the 
sample value is held in the ex- 
ternal capacitor connected to 
the CAP1x and CAP2x leads 
until the encoding process is 
completed. 


4 


AUTO 


Output 


Most significant bit of the en- 
coded PCM word (+5V for nega- 
tive, -5V for positive values). 
Refer to the Codec Applications 
section. 


5 


GRDA 


Ground 


Analog return common to the 
transmit and receive analog cir- 
cuits. Not connected to GRDD 
internally. 


6 


Vdd 


Power 


+ 12V±5%; referenced to GRDA. 


7 


Dr 


Input 


Receive PCM highway (serial 
bus) interface. The Codec seri- 
ally receives a PCM word (8 bits) 
through this lead at the proper 
time defined by FSr, CLKr, Dq, 
and CLK C . 


8 


PDN 


Output 


Active high when the Codec is 
in the power down mode. TTL 
interface. Open drain output. 


9 


VFr 


Output 


Analog Output. The voltage 
present on VFr is the decoded 
value of the PCM word received 
on lead Dr. This value is held 
constant between two conver- 
sions. 


10 


NC 


No 
Connects 


Recommended practice is to 


11 


NC 


strap these NC's to GRDA. 


12 


GRDD 


Ground 


Ground return common to the 
logic power supply; Vcc- 


13 


D X 


Output 


Output of the transmit side onto 
the send PCM highway (serial 
bus). The 8-bit PCM word is seri- 
ally sent out on this pin at the 
proper time defined by FSx, 
CLK X , D c , and CLK C . TTL three- 
state output. 



Pin No. 


Symbol 


Function 


Description 


14 


TSx" 


Output 


Normally high, this signal goes 
low while the Codec is transmit- 
ting an 8-bit PCM word on Uie 
Dx lead. (Timeslot information 
used for diagnostic purposes 
and also to gate the data on the 
Dx lead.) TTL interface, open 
drain output. 


15 


Vcc 


Power 


+5V± 5%, referenced to GRDD. 


16 


CLKr 


Input 


Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 2.043 Mbps 
for a carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. 
TTL compatible. 


17 


FSr 


Input 


Frame synchronization pulse 
for the receive PCM highway. 
Resets the on-chip timeslot 
counter for the receive side. 
Maximum repetition rate 12 KHz. 
TTL interface. 


18 


CLK X 


Input 


Master transmit clock defining 
the bit rate on the transmit PCM 
highway. Typically 2.048 Mbps 
for a carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. 
TTL interface. 


19 


FS X 


Input 


Frame synchronization pulse 
for the transmit PCM highway. 
Resets the on-chip timeslot 
counter for the transmit side. 
Maximum repetition rate 12 KHz. 
TTL interface. 


20 


Vbb 


Power 


-5V±5%, referenced to GRDA. 


21 


D C 


Input 


Data input to program the Codec 
for the chosen mode of opera- 
tion. Becomes an active low 
chip select when CLKq is tied to 
Vcc- "l" 1 " 1 - interface. 


22 


CLK C 


Input 


Clock input to clock in the data 
on the Dc lead when the time- 
slot assignment feature is used; 
tied to Vcc t0 disable this fea- 
ture. TTL interface. 
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FUNCTIONAL DESCRIPTION 

The 2911 A PCM Codec provides the analog-to-digital 
and the digital-to-analog conversions necessary to inter- 
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TDM) 
system. The Codec is intended to be used on line and 
trunk terminations; 

In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 

The Codec encodes the incoming analog signal at the 
frame rate (FSx) into an 8-bit PCM word which is sent 
out on the D x lead at the proper time. Similarly, on the 
receive link, the Codec fetches an 8-bit PCM word from 
the receive highway (D R lead) and decodes an analog 
value which will remain constant on lead VF R until the 
next receive frame. Transmit and receive frames are 
independent. They can be asynchronous (transmission) 
or synchronous (switching) with each other. 

Circuitry is provided within the Codec to internally 
define the transmit and receive timesiots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed and 




Typical Line Termination 
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PABX / CO. SWITCHING SYSTEM / CHANNEL BANK 



TRANSMISSION 
HIGHWAYS 



CONTROL HIGHWAYS 
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CODEC 



RING CONTROL 



Functional Block Diagram of Line Circuit 

discrete timesiots sent to each Codec within a system. 

In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 



CODEC OPERATION 
Codec Control 

The operation of the 2911 A is defined by serially loading 
an 8-bit word through the D c lead (data) and the CLK C 
lead (clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever tran- 
sitions occur on the CLK C lead. The D c input is loaded 
in during the trailing edge of the CLK C input. 




h 



BIT1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8 

I. ■ • I 

SELECT _^L___ ASSIGN X, R J 

MODE I TIME SLOT: n x ,n R I 



The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power- 
down mode (1 1). In the last case (11), the following 6 bits 
are irrelevant. 



The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 1 1 1 1 1 1 (timeslot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 



Bit 1 


Bit 2 


Mode 




1 
1 



1 

1 


X&R 

X 

R 

Standby 



Bit 




3 4 5 6 7 8 


1 

• 
• 
• 
• 

111111 


Time-Slot 

1 
2 

• 
• 
• 
• 
64 



The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timesiots for switching 
applications. 
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Microcomputer Control Mode (2911 A-1) 

In the microcomputer mode, each Codec performs its 
own timeslot computation independently for the trans- 
mit and receive channels by counting clock pulses 
(CLK X and CLKr). All Codecs tied to the same data bus 
receive identical framing pulses (FSx and FSr). The 
framing pulses reset the on-chip timeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec is programmed via CLK C 
and Dc for the desired transmit and receive timeslots 
according to the description in the Codec Control 
Section. All Codecs tied to the same Dp bus will, in 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, in which case 
the transmit and receive channels must be synchronous 
(CLK X = CLKr). There are no other restrictions on time- 
slot assignments; a device may have the same transmit 
and receive timeslot even if a single bus is used. 

There are several requirements for using the CLK C -D C 
interface in the microcomputer mode. 

1. A complete timeslot assignment, consisting of eight 
negative transitions of CLK C , must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked 
in within a total span of 125/isec (for an 8 KHz frame 
rate). CLK C must be left at a TTL low level when not 
assigning a timeslot. 

2. A dead period of two frames must always be observed 
between successive timeslot assignments. The two 
frame delay is measured from the rising edge of the 
first CLK C transition of the previous timeslot 
assigned. 

3. When the device is in the power-down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device out of power-down and 
registers the timeslot information in the lower six 
bits of the control word. 



4. Initialization sequence: The device contains an on- 
chip power-on clear function which guarantees that 
with proper sequencing of the supplies (V C c or V DD 
on last), the device will initialize with no timeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplies are 
applied, it is recommended that either power down 
assignment be made first, or the first timeslot assign- 
ment be a transmit timeslot or a transmit/receive 
timeslot. The consequence of making a receive 
timeslot assignment first, after supply application, is 
that the transmit channel will assume timeslot 1, 
potentially producing bus contention. 

5. Transmit only/receive only operation is permitted pro- 
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan- 
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for timeslot 
3. The Codec will output a PCM word on the transmit 
PCM highway (bus) during the timeslot 2 of the transmit 
frame, and will fetch a PCM word from the receive PCM 
highway during timeslot 3. 

[-.— SEPARATED BY AT LEAST TWO FRAMES-*] 
JTlj2lj3lj4lj5lj6lj7lJ^ y ^^ 



-0100 00 01— 



In this example the Codec interface to the PCM highway 
then functions as shown below. (FS X and FSr may be 
asynchronous.) 



XMT TIME SLOT 1 



XMT TIME SLOT 2 



XMT TIME SLOT 3 



FS X IN 



1 2345678i1 234 56 7 8 i 1 23456 7 



clk x in RTLrijajxriJTJiri^^ 

d x out : I I I | I I I i I j 



TS X OUT 



FSr IN 



RCV TIME SLOT 1 



RCV TIME SLOT 2 



RCV TIME SLOT 3 



1 2345678.1 234 5678-1 23456 7 



clk r in jiJxrLJiiiJiJxrinjTJTj~L/ij~Ln^ 



Dr in i i i i i i i i i r 



i i i ir 



I I I I l—i 



PCM WORD CLOCKED IN 



Direct Control Mode 

The direct mode of operation will be selected when the 
CLK C pin is strapped to the +5 volt supply (V C c)- ' n this 
mode, the D c pin is an active low chip select. In other 
words, when D c is low, the device transmits and 
receives in the timeslots which follow the appropriate 



framing pulses. With D c high the device is in the power 
down state. Even though CLK C characteristics are 
simpler for the 2911 A it will operate properly when 
plugged into a 2911 board. 

Deactivation of a channel by removal of the appropriate 
framing pulse (FS X or FSr) is generally not permitted. 
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Specifically, framing pulses must be applied for a mini- 
mum of two frames after a change in state of Dc in order 
for the D c change to be internally sensed. In particular, 
when entering standby in the direct mode, framing 
pulses must be applied as usual for two frames after D c 
is brought high. Thereafter, the framing pulses could, if 
desired, be removed until such time as the device is to 



be reactivated by the reapplication of framing pulses 
with Dc low. 

The Codec will enter the direct mode within three frame 
times (375/isec) as measured from the time the device 
power supplies settle to within the specified limits. This 
assumes that CLKq is tied to Vcc and that all clocks are 
available at the time the supplies have settled. 



General Control Requirements 

All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be deactivated by removal of its associated frame or bit 
clock while the other channel of the same device 
remains active. 



A single channel cannot be deactivated except by 
physical disconnection of the data lead (D x or Dr) from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated in either control mode by 
powering down the device. Both channels are always 
powered down together. 



Encoding 

The VF signal to be encoded is input on the VF X lead. An 
internal switch samples the signal and the hold function 
is performed by the external capacitor connected to the 
CAP1 X and CAP2 X leads. The sampling and conversion 



is synchronized with the transmit timeslot. The PCM 
word is then output on the D x lead at the proper time- 
slot occurrence of the following frame. The A/D 
converter saturates at approximately ±2.2 volts RMS 
(±3.1 volts peak). 
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Decoding 

The PCM word is fetched by the D R lead from the PCM 
highway at the proper timeslot occurrence. The decoded 
value is held on an internal sample and hold capacitor. 



The buffered non-return to zero output signal on the VF R 
lead has a dynamic range of ±2.2 volts RMS (±3.1 volts 
peak). 



Standby Mode — Power Down 

To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for D c and CLK C leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(D c ) with a "1" in bits 1 and 2 locations. In the direct 
mode when D c is brought high, the all "1's" control 



word is internally transferred to the control register, 
invoking the standby condition. 

While in the standby mode, the D x output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. 

The power consumption in the standby mode is typically 
33 mW. 



Power-On Clear 

Whether the device is used in the direct or microcom- 
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 



methods. (1) Device power supplies are turned on in a 
system power-up situation where either V C c or V DD is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to approximately 2 
volts. (3) A board containing Codecs is plugged into a 



4-20 



2911 A 



"hot" system where V cc or V DD is the last contact made. 
It may be necessary to trim back the edge connector 
pins or fingers on V C c or V DD relative to the other supply 
to guarantee that the power-on clear will operate 
properly when a board is plugged into a "hot" system. 
Furthermore, the Codec will inhibit activity on T5 X and 



D x during the application of power supplies. 
The device is also tolerant of transients in the negative 
supply (V B b) so long as V BB remains more negative than 
-3.5 volts. V BB transients which exceed this level 
should be detected and followed by a system reinitial- 
ization. 



Precision Voltage Reference for the 
D/A Converter 

The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 



A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described in the A.C. Transmission Specification 
section. 



CONVERSION LAW 

The conversion law is commonly referred to as the A 
Law. 

The Codec provides a piecewise linear approximation of 
the logarithmic law through 13 segments. Each segment 
is made of 16 steps with the exception of the first seg- 
ment, which has 32 steps. In adjacent segments the 
step sizes are in a ratio of two to one. Within each 
segment, the step size is constant. 

The output levels are midway between the correspond- 
ing decision levels. The output levels y n are related to 
the input levels x n by the expression: 



CODEC TRANSFER CHARACTERISTIC 

hVF R 



Vn = 



X n _-| + X n 



0< n< 128 



CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 





DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 
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Theoretical A-Law — Positive Input Values (for Negative Input Values, Invert Bit 1) 



3 



Segment 
Number 



No. of Steps 
x Step Size 



Value 

at Segment 

End 

Points 



Decision 

Value 
Number n 



Decision 
Value x n 1 



PCM Word 4 



Bit Number 
12 3 4 5 6 7 8 



Normalized 

Value 
at Decoder 
Output y n s 



Decoder 
Output 
Value 
Number 



16x128 



16x64 



16x32 



16x16 



16x8 



16X4 



32x2 



4096 3 



2048 



1024 



512 



256 



128 



64 



(128) 

127 

I 
I 
I 
I 
113 

112 

I 
I 
I 
I 
97 

96 
I 
I 



81 

80 

I 
I 
I 
I 
65 

64 

I 
I 
I 
I 
49 

48 
I 

I 

I 

I 

33 

32 
I 
I 
I 
I 
1 



(4096) 

3968 
I 

I 

I 

I 

2176 

2048 

I 
I 

I 

1088 

1024 

I 



I 
544 

512 
I 

I 

I 

272 

256 

I 

I 

I 

136 

128 

I 
I 
I 
I 
68 

64 

I 
I 
I 
I 
2 



11111111 



(see Note 2) 



11110 



(see Note 2) 



1110 



(see Note 2) 



110 10 



(see Note 2) 



1 10 



(see Note 2) 



10 110 



(see Note 2) 



10 10 



(see Note 2) 



10 



4032 



2112 



1056 



528 



264 



132 



66 



I 
128 



113 



97 



81 



65 



49 



33 



Notes: 

1. 4096 normalized value units correspond to the value of the on-chip voltage reference. 

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n+ 1 (see column 4) is (128+ n) 
expressed as a binary number. 

3. X 12 e is a virtual decision value. 

4. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 291 1 A provides for the inversion of 
the even order bits on both the send and receive sections. 

5. The voltage output on the VF R lead is equal to the normalized value given in the table, augmented by an offset. The offset value is approximately 
15mV. 
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APPLICATIONS 
Holding Capacitor 

For an 8 KHz sampling system the transmit holding 
capacitor CAP X should be 2000 pF± 20%. 

Circuit Interface — 
Without External Auto Zero 




Filters Interface 

The filters may be interfaced as shown in the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 291 2A filter. 



Dx Buffering 

For higher drive capability or increased system reli- 
ability it may be desirable that the D x output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with the appropriate Codec generated 
TS X signal or signals. TS X signal may also be used to 
activate external zero code suppression logic, since the 
occurrence of an active state of any TS X implies the 
existence of PCM voice bits (as opposed to transparent 
data bits) on the bus. 



Circuit Interface — 
With External Auto Zero 

I ! 



ENCODER 
FILTER 
VFxo 



VFx' 



C1 

I -3mF 



Rl 
150 KO 



R 2 
3300 



-AW- 
Ra 



1 VF R , 



vfr! 



r 



I 



_J 



Auto Zero 

The 291 1 A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop. The on-chip auto zero reduces 
the input offset voltage of the encoder (VFx) to less than 
3mV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 

Where lower input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
signal, resulting in slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 

The circuit interface without external auto zero shows a 
possible connection between VF X and AUTO leads with 
the recommended values of C^ = 0.1 ^F and R-i = 150 KQ. 

The circuit interface with external auto zero drawing 
shows a possible connection between VF X and AUTO 
leads with the recommended values of C-, = 0.3mF, 
Ri = 150 KQ, R 2 = 330 Q, and R 3 = 470 KQ. 



Grounding, Decoupling, and Layout 
Recommendations 

The most important steps in designing a low noise line 
card are to insure that the layout of the circuit com- 
ponents and traces results in a minimum of cross coup- 
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 

1. All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 10 /*F) per board is recom- 
mended at the point where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 

2. When using two-sided PCBs, use both correspond- 



ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 

3. Lay out the traces on codec- and filter-equipped 
boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 

4. Connect the codec sample and hold capacitor with 
the shortest leads possible. Mount them as close to 
the device pins as can be achieved. Shield the 
capacitor traces with analog ground. 

5. Do not lay out any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped- 
ance circuits which are sensitive to noise coupling. 

6. Keep analog voice circuit leads paired on their 
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layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 

7. Arrange the layout for each duplicated line, trunk or 
channel circuit in identical form. 

8. Line circuits mounted extremely close to adjacent 
line circuits increase the possibility of interchannel 
crosstalk. 

9. Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digital 
(periodic) signals or power. 

10. The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the 
power supply with a low impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 

11. The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2^H or greater, as space allows, 
between leads GRDA and GRDD on each board. 

12. Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con- 
nections between devices and with no crossing 
analog lines. 

13. No digital or high voltage level (such as ringing sup- 
ply) lines should run under or in parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
coupling. 

14. Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 



15. Two +5 volt power supply leads (V C c) should be 
used on each PCM, one to the filters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5 volt lead. The 
capacitor should be at least 10>F in parallel with a 
0.1 yf ceramic. This filters both high and low frequen- 
cies and accommodates large current spikes due to 
switching. 

16. Both grounds and power supply leads must have low 
resistance and inductance. This should be accom- 
plished by using a ground plane whenever possible. 
When narrower traces must be used, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through holes should 
be used when passing the ground connections 
through the PCB. 

17. The 2912A PCM filter should have all power sup- 
plies bypassed to analog ground (GRDA). The 291 1 A 
Codec + 5V power supplies should be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply leads are used as sug- 
gested in item 15. The -5V and +12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 yF 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). 

18. Relay operation, ring voltage application, interrup- 
tions, and loop current surges can produce enor- 
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is particu- 
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick- 
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 
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Absolute Maximum Ratings* 

Temperature Under Bias -10°Cto+80°C V cc , V DD , GRDA, and GRDA with Respect 

Storage Temperature -65°C to +150°C to V BB - 0.3V to + 20V 

All Input or Output Voltages with Power Dissipation 1.35W 

Respect to V BB -0.3V to +20V 

* Comment: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



D.C. and Operating Characteristics 



T A =0°C to +70°C, V DD =+12V±5%, V CC =+5V±5%, V BB =-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 





Parameter 




Limits 




Unit 




Symbol 


Min 


Typ 1 


Max 


Test Conditions 


DIGITAL INTERFACE 












IlL 


Low Level Input Current 






10 


uA 


V, N < V, L 


l|H 


High Level Input Current 






10 


ma 


V|N > V, H 


V| L 


Input Low Voltage 






0.6 


V 




V| H 


Input High Voltage 


2.2 






V 




Vol 


Output Low Voltage 






0.4 


V 


D x> , 0L= 4.0 mA 

TS X , Iol= 3.2 mA, open drain 

PDN, I l= 1.6mA, open drain 


Voh 


Output High Voltage 


2.4 






V 


Dx, loH=15mA 


ANALOG INTERFACE 












Zai 


Input Impedance when Sampling, VF X 


125 


300 


500 


Q 


In series with CAP X to GRDA, 
-3.1V <V, N < 3.1V 


Zao 


Small Signal Output Impedance, VF R 


100 


180 


300 


Q 


-3.1V <V UT< 3.1V 


V R 


Output Offset Voltage at VF R 


-50 




50 


mV 


Minimum code to Dr 


V|X 


Input Offset Voltage at VF X 


-5 




5 


mV 


Minimum positive code pro- 
duced at D x 


Vol 


Output Low Voltage, Auto Zero 




v BB 


(V BB +2) 


V 


400 KQ to GRDA 


Voh 


Output High Voltage, Auto Zero 


(Vcc -2) 


Vcc 




V 


400KQtoGRDA 


POWER DISSIPATION 












•ddo 


Standby Current 




0.7 


1.1 


mA 




•ceo 


Standby Current 




4.0 


7.0 


mA 




l BB o 


Standby Current 




1.0 


2.5 


mA 


clock frequency = 2.048 MHz 


•ddi 


Operating Current 




11 


16 


mA 


'cci 


Operating Current 




13 


21 


mA 




! BBI 


Operating Current 




4.0 


6.0 


mA 





Notes: 

1. Typical values are for T^= 25 °C and nominal power supply values. 
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A.C. Characteristics 

T A =0°C to +70X, V D d=+12V±5%, V C c=+5V±5%, V bb =-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



Symbol 



Parameter 



Mirt 



Limits 



Typ 



Max 



Unit 



Test Conditions 



TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified) 



S/D 


Signal to Total Distortion Ratio. 
CCITT G.712 Method 1 


TBD 


TBD 




dB 


signal level -3dBmO to 
-6dBmO 




TBD 


TBD 




dB 


Signal level to -27dBmO 




TBD 


TBD 




dB 


Signal level to -34dBmO 




TBD 


TBD 




dB 


Signal level to -40dBmO 




TBD 


TBD 




dB 


Signal level to -55 dBmO 


S/D 


Signal to Total Distortion Ratio. 
See Figure 2. CCiTT G.712 Method 2 


35 






dB 


Signal level OdBmO to 
-30dBmO 




29 






dB 


Signal level to -40dBmO 




24 






dB 


Signal level to -45dBmO 


S/D 


Signal to Total Distortion Ratio. 
CCITT G.712 Method 2 
(Half Channel) 


TBD 


TBD 




dB 


Signal level OdBmO to 
-30dBmO 




TBD 


TBD 




dB 


Signal level to -40dBmO 




TBD 


TBD 




dB 


Signal level to -45dBmO 


AG 


Gain Tracking Deviation from Gain at 
OdBmO. CCITT G.712 Method 1 


TBD 


TBD 




dB 


Signal level +3dBm0to 
-10dBm0 




TBD 


TBD 




dB 


Signal level to -55dBmO 




TBD 


TBD 




dB 


Signal level to -60dBmO 


AG 


Gain Tracking Deviation from Gain at 
OdBmO. See Figure 1. CCITT G.712 
Method 2 


-0.4 




0.4 


dB 


Signal level + 3dBmO to 
-40dBmO 




-0.8 




0.8 


dB 


Signal level to -50dBmO 




-2.4 




2.4 


dB 


Signal level to -55dBmO 


AG 


Gain Tracking Deviation from Gain at 
dBmO. CCITT G.712 Method 2. 
(Half Channel) 


TBD 


TBD 




dB 


Signal level +3dBmO to 
-40dBmO 




TBD 


TBD 




dB 


Signal level to -50 dBmO 




TBD 


TBD 




dB 


Signal level to -55dBmO 


Nic 


Idle Channel Noise 




-85 


-78 


dBmOp 


See Note 2 


HD 


Harmonic Distortion (2nd or 3rd) 




-48 


-44 


dB 


VF X = 1.02 KHz, OdBmO; 
measured at decoder output 
VF R 


IMD! 
IMD 2 


Intermodulation Distortion 
G.712 (8.1) 
G.712 (8.2) 






-45 
-50 


dB 
63 


See Note 3 



Notes: 

1. Typical values are for Ta= 25°C and nominal power supply values. 

2. If the external auto zero is used N]c has a typical value of -76dBmO. 

3. According to the two tone method. CCITT G.712 recommendation. 
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A.C. Characteristics (continued) 

T A =0°C to +70°C, V DD =+12V±5%, V C c=+5V±5%, V B b=-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 




Parameter 


Limits 


Unit 




Symbol 


Min 


Typ 1 


Max 


Test Conditions 


GAIN AND DYNAMIC RANGE 


DmW 


Digital Milliwatt Response 


5.56 


5.66 


5.76 


dBm 


23°C, nominal supplies 4 


DmW T 


DmW Variation with Temperature 




- 0.001 


-0.002 


dB/°C 


Relative to 23 °C 4 


DmW s 


DmW Variation with Supplies 






±0.07 


dB 


Supplies ±5% 4 


A|R 


Input Dynamic Range 


2.17 


2.20 


2.23 


Vrms 


Using D.C. and A.C. tests 5 


A|RT 


Input Dynamic Range vs Temperature 






-0.5 


mV RMS / C 


Relative to 23 °C 


Airs 


Input Dynamic Range vs Supplies 






±18 


™Vr MS 


Supplies ±5% 


Aor 


Output Dynamic Range, VF R 


2.13 


2.16 


2.19 


Vrms 


23°C, nominal supplies 


A ORT 


A r Variation with Temperature 






-0.5 


mV RMS /°C 


Relative to 23 °C 


A ORS 


Aqr Variation with Supplies 






±18 


mV RMS 


Supplies ±5% 


SUPPLY REJECTION AND CROSSTALK 


PSRFh 


Vqd Power Supply Rejection Ratio 


50 






dB 


decoder alone 6 


PSRR 2 


V B b Power Supply Rejection Ratio 


35 






dB 


decoder alone 6 


PSRR 3 


Vcc Power Supply Rejection Ratio 


50 






dB 


decoder alone 6 


PSRR 4 


V DD Power Supply Rejection Ratio 


50 






dB 


encoder alone 7 


PSRR 5 


V BB Power Supply Rejection Ratio 


45 






dB 


encoder alone 7 


PSRR 6 


Vcc Power Supply Rejection Ratio 


50 






dB 


encoder alone 7 


ct r 


Crosstalk Isolation, Receive Side 


75 


80 




dB 


See Note 8 


CT T 


Crosstalk Isolation, Transmit Side 


75 


80 




dB 


See Note 9 


CAPX 


Input Sample and Hold Capacitor 


1600 


2000 


2400 


PF 





Notes: 

4. DptOf Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. Measurement made at VFr 
output. 

5. With the D.C. method the positive and negative clipping levels are measured and A )R is calculated. With the A.C. method a sinusoidal input signal to 
VF X is used where A| R is measured directly. 

6. D.U.T. decoder; impose 200 mV p . p , 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 

7. D.U.T. encoder, impose 200 mV p . p , 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 

8. VF X of D.U.T. encoder= 1.02 KHz, dBmO. Decoder under quiet channel conditions; measurement made at decoder output. 

9. VF x = Vrms. Decoder= 1.02 KHz, dBmO. Encoder under quiet channel conditons; measurement made at encoder output. 
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AG 
(dB) 

+3 



2.4 



+1 

+ 0.8 

+0.5 
0.4 



-0.4 
-0.5 
-0.8 



-2.4 



-3 




-55-50 -40 




INPUT 
LEVEL 

dBmO 



LEGEND 
^^CCITTG.712 
_- — 2911 A_ 

Figure 1. Gain Variation (AG) vs. Signal Level 
Reference Level OdBmO, End-toEnd 



o 

< 

DC 

Z 

o 



o 

< 
z 




^291^1 A_SPEC_ J_ 
~2dB 



CCIT ^ 

RECOMMENDATION || 

c, 12 I 



I 



-45 -40 -30 -20 -10 

INPUT LEVEL (dBmO) 



Figure 2. Signal/Total Distortion Ratio, End-to-End 



A.C. Characteristics — Timing Specification and Waveforms 111 

T A =0°C to + 70°C, V DD =+12V±5%, V CC =+5V±5%, V B b=-5V±5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 





Parameter 


Limits 


Units 




Symbol 


Min 


Max 


Comments 


CLOCK SECTION 


tCY 


Clock Period 


485 




ns 


CLK X , CLK R (2.048 MHz systems), CLK C 


tn t f 


Clock Rise and Fall Time 





30 


ns 


CLK X , CLK R , CLK c 


*CLK 


Clock Pulse Width 


215 




ns 


CLK X , CLK R> CLK C 


tCDC 


Clock Duty Cycle (tdK* toy) 


45 


55 


% 


CLK X , CLKr 


TRANSMIT SECTION 


*VFX 


Analog Input Conversion 


20 




timeslot 


from leading edge of transmit timeslot 2 


*DZX 


Data Enabled on TS Entry 


50 


180 


ns 


0< C LO ad< 100 pF 


*DHX 


Data Hold Time 


80 


230 


ns 


0<C|_OAD< 10 °P F 


*HZX 


Data Float on TS Exit 


75 


245 


ns 


Cload=0 


*SON 


Timeslot X to Enable 


30 


185 


ns 


0<C|_OAD< 10 °P F 


tS0FF 


Timeslot X to Disable 


70 


225 


ns 


C|_OAD=0 


^FSD 


Frame Sync Delay 


15 


150 


ns 




RECEIVE AND CONTROL SECTIONS 


tvFR 


Analog Output Update 


7 1/16 


7 1/16 


timeslot 


from leading edge of the channel timeslot 


tDSR 


Receive Data Setup 


20 




ns 




tDHR 


Receive Data Hold 


60 




ns 




*FSD 


Frame Sync Delay 


15 


150 


ns 




tDSC 


Control Data Setup 


100 




ns 


Microcomputer mode only 


tDHC 


Control Data Hold 


100 




ns 


Microcomputer mode only 
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T~H 


_^ _ 














•-'CLK 




/ 2 




/ 6 \ 


/ 7 




CLK X ^ 


i 




1 \ 

•« l F 


3 \ / 4 


r / 5 \ 


V / 8 \ jf 


FS X 


/ 


























CLK X J 
l DZX-»- 


'' 


^ 


l DHX 


V / 3 




/ 4 \ / 5\ / 6 




J \ / 


8 3 




■* ^ZX 




r* v 




X 


X 


X X 


X 


X 






> 










— 




~* 


* 


" l SOFF 


TSx~ 


"V 












f 





Notes: 

1. All timing parameters referenced to 1.5V, except t HZX and t S0FF) which reference a high impedance state. 

2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or 
asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applications information 
which would allow operation with less than 20 timeslots. 






Notes: 

1. All timing parameters referenced to 1.5V, except t HZX and t S0FF which reference a high impedance state. 
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2912 FAMILY 
PCM LINE FILTERS 



Idle Channel Noise 12 
(dBrncO) 14 


Frequency Response 
CCITTG712 D3/D4 




2912-3 


2912 




2912-5 


2912-6 







■ Direct Interface to the Intel® 
2910A/2911A PCM Codecs Including 
Stand-By, Power Down Mode 

■ ±5% Power Supplies: +5V, -5V 

■ Low Power Consumption: 
210mW Typical without Power 
Amplifiers 

280mW Typical with Power Amplifiers 
55 mW Typical Stand-By 

■ Fabricated with Reliable N-Channel 
MOS Process 

The Intel® 2912 is a fully integrated monolithic device containing the two filters of a PCM line or trunk termination. The 
device is designed to meet the following objectives: 

• To meet AT&T D3/D4 frequency response with the 2912 and 2912-6. 
To meet CCITT frequency response with the 2912-3 and 2912-5. 

• To meet the digital Class 5 central office switching systems stringent specifications. 

• To be directly compatible with the 2910A and 2911 A codecs. 

• To simplify interfaces to transformers and hybrids. The primary application for the 2912 is in telephone systems for 
transmission, switching, or remote concentration. 

A switched capacitor filter technique is used to implement the transmit and receive passband filter sections of the 2912. 
The device is fabricated using Intel's reliable two layer polysilicon NMOS technology. The combination of the switched 
capacitor technique and the NMOS technology result in a monolithic 291 2filter which is packaged in a standard 16 pin DIP. 



AT&T® D3/D4 Compatible 
and CCITT G712 Compatible 

Monolithic Device Includes Both 
Transmit and Receive Filters 

50Hz/60Hz Rejection Included 
in the Transmit Filter 

Gain Adjustment in Both Directions 

Direct Interface with Transformer or 
Electronic Telephone Hybrids 



PIN CONFIGURATION 



3 VF x O 
3 GRDA 
3 CLKO 
3 PDN 
I] CLK 
3 GRDD 
DVFrI 

3 Vcc 



BLOCK DIAGRAM 



VF X I + C 


1 


16 


VFxI-C 


2 


15 


GSxC 


3 


14 


VFrOC 


4 


13 


PWRI C 


5 


12 


PWRO+ C 


6 


11 


pwro- E 




10 


Vbb C 


8 


9 



PIN NAMES 



VF X I+,VF X |- 


ANALOG INPUTS 


CLK 


CLOCK INPUT 


GS X 


GAIN CONTROL 


CLKO 


CLOCK SELECTION 


VF X 


ANALOG OUTPUT 


PDN 


POWER DOWN 


vf r i 


ANALOG INPUT 


Vcc 


POWER (+5V) 


vf r o 


ANALOG OUTPUT 


Vbb 


POWER (-5V) 


PWRI 


DRIVER INPUT 


GRDD 


DIGITAL GROUND 


PWRO+, PWRO- 


DRIVER OUTPUT 


GRDA 


ANALOG GROUND 




»*VF X © 



— «-VF R l © 



® 
© 
CLKO @ 



-PDN 
-CLK 



o 



PIN NUMBER 



t t t t 

PWRI VFrO V B b Vcc GRDD GRDA 

©0 ® © © © 



AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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PIN DESCRIPTION 



Pin 

No. Symbol 



Function Description 



1 VFxl + Input 



2 VFxl" 



3 GSx 



Input 
Output 



4 VFrO Output 



5 PWRI 



Input 



6 PWRO+ Output 



7 PWRO" Output 



8 Vbb 

9 Vcc 



Power 
Power 



Analog input of the transmit 
filter. The VFxl + signal comes 
from the 2 to 4 wire hybrid in 
the case of a 2 wire line and 
goes through the 50/60Hz 
notch and the antialiasing 
filter before being sent to the 
Codec for encoding. 

Inverting input of the gain ad- 
justment operational amplifier 
on the transmit filter. 

Output of the gain adjustment 
operational amplifier on the 
transmit filter. Used for gain 
setting of the transmit filter. 

Analog output of the receive 
filter. This output provides a 
direct interface to electronic 
hybrids. For a transformer hy- 
brid application, VFrO is tied 
to PRWI and a dual balanced 
output is provided on pins 
PWRO+ and PWRO". 

Input to the power driver 
amplifiers on the receive side 
for interface to transformer 
hybrids. High impedance in- 
put. When tied to Vbb, the 
power amplifiers are powered 
down. 

Non-inverting side of the pow- 
er amplifiers. Power driver 
output capable of directly 
driving transformer hybrids. 

Inverting side of the power 
amplifiers. Power driver out- 
put capable of directly driving 
transformer hybrids. 

-5V ± 5% referenced to 
GRDA 

+5V ± 5% referenced to 
GRDA 



Pin 

No. Symbol 



Function Description 



10 VFrI 



Input 



11 GRDD 

12 CLK [1J 



Ground 
Input 



13 PDN 



14 CLKO 



in 



Input 



Input 



15 GRDA Ground 



16 VFxO Output 



Analog input of the receive 
filter, interface to the Codec 
analog output for PCM appli- 
cations. The receive filter pro- 
vides the — *~ correction 
needed for sample and hold 
type Codec outputs to give 
unity gain. The input voltage 
range is directly compatible 
with the Intel® 291 0A and 
2911 A Codecs. 
Digital ground return for inter- 
nal clock generator. 

Clock input. Three clock fre- 
quencies can be used: 
1.536MHz, 1.544MHz or 
2.048MHz; pin 14, CLKO, has 
to be strapped accordingly. 
High impedance input, TTL 
voltage levels. 

Control input for the stand-by 
power down mode. An in- 
ternal pull up to +5V is pro- 
vided for interface to the 
Intel® 2910A and 2911A PDN 
outputs. TTL voltage levels. 
Clock (pin 12, CLK) frequency 
selection. If tied to Vbb, CLK 
should be 1 .536MHz. If tied to 
Ground, CLK should be 1.544 
MHz. If tied to Vcc, CLK 
should be 2.048MHz. 

Analog return common to the 
transmit and receive analog 
circuits. Not connected to 
GRDD internally. 

Analog output of the transmit 
filter. The output voltage 
range is directly compatible 
with the Intel® 2910A and 
2911 A Codecs. 



NOTE: 

1. The three clock frequencies are directly compatible with the Intel® 2910A and 2911 A Codecs. The 
following table should be observed in selecting the clock frequency. 



Codec Clock 


Clock Bits/Frame 


2912 CLK, Pin 12 


2912 CLKO, Pin 14 


1.536 MHz 
1.544 MHz 
2.048 MHz 


192 
193 
256 


1.536 MHz 
1.544 MHz 
2.048 MHz 


Vbb (-5V) 

GRDD 
Vcc (+5V) 
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FUNCTIONAL DESCRIPTION 

The 2912 provides the transmit and receive filters found 
on the analog termination of a PCM line or trunk. The 
transmit filter performs the anti-aliasing function 
needed for an 8kHz sampling system, and the 50/60Hz 
rejection. The receive filter has a low pass transfer 
characteristic and also provides the Sinx/x correction 
necessary to interface the Intel 291 OA fa Law) and 291 1 A 
(A Law) Codecs which have a non-return-to-zero output 
of the digital to analog conversion. Gain adjustment is 
provided in the receive and transmit directions. 



A stand-by, power down mode is included in the 2912 
and can be directly controlled by the 2910A/2911A 
Codecs. 

The 2912 can interface directly with a transformer hybrid 
(2 to 4 wire conversion) or with electronic hybrids; in the 
latter case the power dissipation is significantly re- 
duced by powering down the output amplifier provided 
on the 2912. 





I 
I 
I 




PABX /CO. SWITCHING SYSTEM / CHANNEL 


BANK 










OFF -HOOK /ROTARY DIAL PULSES 






SUPERVISION 
PROTECTION 

BATTERY 
FEED 

RINGING 








i' 




X/ vX 








291 2A 

FILTERS 




291 OA 

CODEC 




9nv 




2W /4W 
HYBRID 




i 




7 

I 
! 
I 


TELEPHONE SET 










^ ( 


















J 


k 














RING CONTROL 









PCM HIGHWAYS 



TYPICAL LINE TERMINATION 



FILTER OPERATION 

Transmit Filter Input Stage 

The input stage provides gain adjustment in the passband. 
The input operational amplifier has a common mode 
range of ±2.2 volts, a DC offset of less than 25m V, a voltage 
gain greater than 1000 and a unity gain bandwidth of 
1 MHz. It can be connected to provide a gain of 20dB 
without degrading the noise performance of the filter. The 



load impedance connected to the amplifier output must be 
greater than 10KO in parallel with 20pF. The input signal 
on lead VFxl + can be either AC or DC coupled. The input 
Op Amp can also be used in the inverting mode or 
differential amplifier mode. The remaining portion of the 
transmit filter provides a gain of +3dB in the pass band. 




TRANSMIT FILTER GAIN ADJUSTMENT 
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50Hz/60Hz Notch — Transmit Filter 

The transmit filter has a notch section to reject 50Hz and 
60Hz components of the input signal. A minimum 
attenuation of 22dB is provided at 60Hz. At 50Hz, the 
minimum attenuation is 20dB. The gain at 200Hz is 
between -.125dB and -1.8dB. (All gain figures are relative 
to the gain at 1kHz). 



An active RC low pass anti-aliasing filter is included on 
chip immediately in front of the 50 Hz/60 Hz notch section. 
This filter provides greater than 35dB attenuation at 256 
KHz. As a result no external anti-aliasing components are 
required to provide the necessary anti-aliasing function 
for the switched capacitor sections of the transmit filter 
which operate at an internal sampling rate of 256 KHz. 



Transmit Filter Transfer Characteristics 

The transmit section of the filter provides a passband 
flatness and stopband attenuation which exceeds the 
ATT® D3 and D4 specification (2912 and 2912-6) and the 
CCITT G712 recommendation (2912-3 and 2912-5). The 
2912 specification meets the digital class 5 central of- 
fice switching systems requirements. The transmit filter 
transfer characteristics and specifications are shown in 
the diagram below. 

Transmit Filter Output Stage 

The voltage range of the output signal on the VF x O lead 
is ±3.2 volts. The DC offset is less than 250mV. It is 
recommended that the VF x O output be capacitively 
coupled to the VF X input of the Intel® 2910A and 2911 A 
Codecs. 



<r 




EXPANDED 
SCALE 




y^»»»»»»»»» t 



- 



. TYPICAL FILTER 
TRANSFER FUNCTION 



I I I I I I 




FREQUENCY (Hz) 



FREQ 


2912 

2912-6 

D3/D4 


2912-3 
2912-5 
CCITT 


3300Hz 
3400Hz 


-.65dB 
-1.4 


-.35dB 
-.70 



TRANSMIT FILTER TRANSFER CHARACTERISTICS 
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An active RC low pass smoothing filter is included on chip 
following the transmit filter section. This filter provides 
reduction of broad band noise and clock noise from the 
switched capacitor transmit filter section. 

As a result (in pleziosynchronous operation where the 
transmit and receive clocks of the codec are allowed to 
have a small relative frequency difference, as in 
transmission applications) low frequency asynchronism 
between the clock signal in the transmit filter output and 
the sampling process in the associated codec has 
negligible effect on the idle channel noise of the codec. 
This smoothing filter also serves to reduce high frequency 
broadband noise at the filter output which might be 
aliased to lower frequencies by the codec sampling 
process. 



Receive Filter Transfer Characteristics 

The receive section of the filter provides a passband 
flatness and stopband rejection which exceeds at ATT® 
D3/D4 specification (2912 and 2912-5) and the CCITT 
Q712 recommendation (2912-3 and 2912-6) when used 
with a decoder which contains a sample/hold amplifier 
at its output. The filter contains the required compensa- 
tion for the x response of such decoders. The 
receive filter transfer characteristics and specifications, 



including the 



Sinx 



response of the decoder, are shown 



in the diagram below. 



TYPICAL FILTER' 1 1 
TRANSFER FUNCTION ~ 

200Hz + -125dB 



+.?25dB 
3000Hz 




A\U\\\\\\\UU\\ 

4 r^T//////y ////?///. 




EXPANDED 
SCALE 



TYPICAL FILTER TRANSFER 
FUNCTION' 2 ' WHEN MULTIPLIED 



nL8000j 



L8000J_ 



WHICH IS THE '■ 



- OUTPUT RESPONSE 



Sinx 
x 
OF THE INTEL 2910A AND 2911A CODECS 

WHERE x = 5^ 



J I I I hi 




FREQUENCY (Hz) 



NOTES: 

1. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT. 

2. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND 
HOLD OUTPUT OF THE INTEL 2910A AND 2911A CODECS. THE COMBINED FILTER/CODEC 
RESPONSE MEETS THE STATED SPECIFICATIONS. 



FREQ 


2912 

2912-6 

D3/D4 


2912-3 
2912-5 
CCITT 


3300Hz 
3400Hz 


-.65dB 
-1.4 


-.35dB 
-.70 



RECEIVE FILTER TRANSFER CHARACTERISTICS 
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Receive Filter Output 

The VFrO lead is capable of driving high impedance 

electronic hybrids. The gain of the receive section from 

VFrI to VFrO is: , . 

— 
\ 8000 



8000 



Si 



n \ 8000 j 



which when multiplied by the output response of the 
Intel 2910A and 2911 A Codecs results in a OdB gain in 
the passband. The filter gain can be adjusted downward 
by a resistor voltage divider connected as shown. The 
total resistive load R T on VF R should not be less than 
10kQ. 



VFrO 



Ror 
-VvV- 



RECEIVE FILTER OUTPUT GAIN ADJUSTMENT 



Receive Filter Output Driver Amplifier Stage 

A balanced power amplifier is provided in order to drive 
low-impedance loads in a bridged configuration. The 
receive filter output VFrO is connected through gain 
setting resistors Ri and R2 to the amplifier input PWRI. 
The input voltage range on PWRI is ±3.2 volts and the gain 
is 6dB for a bridged output. With a 20kO load connected 
between PWRO+ and PWRO", the maximum voltage swing 
across the load is ±6.4 volts. With a 600ft load connected 
between PWRO+andPWRO', the maximum voltage swing 
across the load is ±5.0 volts. The series combination of Rs 
and the hybrid transformer must present a minimum A.C. 
load resistance of 600O to the amplifier in the bridged 
configuration. A typical connection of the output driver 
amplifiers is shown below. These amplifiers can also be 
used with loads connected to ground. 

When the power amplifier is not needed it should be 
deactivated to save power. This is accomplished by tying 
the PWRI pin to Vbb before the device is powered up. 




R 1f R 2 GAIN SETTING RESISTORS 
R s SERIES LOAD RESISTOR 



R R 2912 
-Wv * — 



<PJ 



<£ 



TYPICAL CONNECTION OF OUTPUT 
DRIVER AMPLIFIER 



Power Down Mode 

Pin 13, PDN, provides the power down control. When 
the signal on this lead is brought high, the 291 2 goes into a 
standby, power down mode. Power dissipation is reduced 
to 55mW. In the stand-by mode, all outputs go into a high 
impedance state. This feature allows multiple 291 2's to 
drive the same analog bus on a time-shared basis. 



When power is restored, the settling time of the 2912 is 
typically 15ms. 

The PDN interface is directly compatible with the Intel 
291 0A and 291 1 A PDN outputs. Only one command from 
the common control is then necessary to power down 
both the Codec and the Filters of the line or trunk inter- 
face. 
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APPLICATIONS 
Circuit Interface 



2910A 



DIGITAL 
INTERFACE 




POWER AMPLIFIER OUTPUT . 
TO TRANSFORMER HYBRIDS 



(1) DECOUPLING CAPACITORS 

(2) RF CHOKE OR RESISTOR 



^-^ 



A TYPICAL 2910A CODEC AND 2912 FILTER CONFIGURATION 



Codec Interface 

The 2912 PCM Filter is designed to directly interface to 
the 291 OA and 2911 A Codecs as shown above. The 
transmit path is completed by connecting the VF x O out- 
put of the 2912 to the coupling capacitor associated 
with the VF X input of the 2910A and 2911 A codecs. The 
receive path is completed by directly connecting the 
codec output VF R to the receive input of the 2912 VF R I. 
The PDN input of the 2912 should be connected to the 
PDN output of the codec to allow the filter to be put in 
the power-down standby mode under control of the 
codec. 



Clock Interface 

To assure proper operation, the CLK input of the 2912 
should be connected to the same clock provided to the 
receive bit clock, CLK R of 291 OA or 2911 A Codec as 
shown above. The CLKO input of the 2912 should be set 
to the proper voltage depending on the standard clock 
frequency chosen for the codec and filter. See the clock 
selection table in the Pin Description section. 



Layout Guidelines 

The most important steps in designing a low noise line 
card are to insure that the layout of the circuit 
components and traces result in a minimum of cross 
coupling between analog and digital signals, and to 
provide well bypassed and clean power supplies, solid 
ground planes, and minimal lead lengths between 
components. Considering these items in more detail: 



All power source leads should be bypassed to ground 
on each printed circuit board (PCB), on which codecs 
are provided. At least one electrolytic bypass 
capacitor (at least 10 microfarad) per board is recom- 
mended at the point where each power trace from the 
codec and filter joins prior to interfacing with the 
edge connector pins assigned to the power leads. 
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Layout Guidelines (Cont.) 

• Layout the traces on codec and filter equipped boards 
such that analog signal and capacitor leads are 
separated as widely as possible from the digital clock 
and data leads. 

• Connect the codec sample and hold capacitor(s) with 
the shortest leads possible. Mount them as close to 
the device pins as can be achieved. Shield the capac- 
itor traces with analog ground. 

• Do not layout any board traces (especially digital) that 
pass between or near the leads of the sample and hold 
capacitor(s) since they are in high impedance circuits 
which are sensitive to noise coupling. 

• Keep analog traces situated in their layouts so that no 
intervening circuit leads are permitted to run parallel to 
or between them. 

• The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the power 
supply ground with a low impedance connection. This 
keeps the grounds separate over the entire system 
except at that one location. 

• The voltage difference between ground leads GRDA 
and QRDD (analog and digital ground) should not ex- 
ceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads on 
each board. 

• Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 



codec. This minimizes the distance for analog 
connections between devices and prevents crossing 
analog lines. 

No digital lines or high level analog lines should run 
under or in parallel with analog interconnections from 
codec to filter. If the analog lines are on top (component 
side) of the PCB, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bottom of 
the PCB (to prevent analog/digital coupling). 

Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using ground 
or power supply leads on the top side directly under the 
device (like a ground plane). 

For each printed circuit board, two +5 volt power supply 
leads should be used, one for codecs and the other for 
filters, and separately decoupled where they join a 
single 5 volt supply at the PCM connector. Decoupling 
can be accomplished with a RC lowpass filter or a RF 
choke per power supply input. Both grounds and power 
leads must have low resistance and inductance which 
can be accomplished by using a ground plane 
whenever possible. If narrower traces must be used, 
maintain a minimum width of 4 millimeters and use 
multiple or extra large plated holes when passing 
ground connections through the PCB. 

The 2912 PCM filter should have all power supplies 
bypassed to analog ground (GRDA). The 2910A/11A 
codec +5V power supplies should be bypassed to the 
digital ground (GRDD) but the -5V and +12V sup- 
plies should be bypassed to analog ground (GRDA). 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°Cto+80°C 

Storage Temperature -65° C to +1 50° C 

Supply Voltage with Respect to Vbb . . -0.3V to +14.0V 
All Input and Output Voltages with 

Respect to Vbb -0.3V to +14.0V 

All Output Currents , . . . ±50mA 

Power Dissipation 1 Watt 



* COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



DIGITAL INTERFACE 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.' 1 ' 


Max. 


Test Conditions 


Ilic 


Input Load Current 
(except PDN) 






10 


MA 


V|N = V|L MIN tO VlH MAX 


Ilio 


Input Load Current, CLKO 






10 


mA 


Vin = Vbb to VlH MAX 


Ilip 


Input Load Current, PDN 






-100 


ma 


V|N = VlL MIN tO VlH MAX 


Vil 


Input Low Voltage (except CLKO) 






0.8 


V 




VlH 


Input High Voltage (except CLKO) 


2.2 






V 




VlLO 


Input Low Voltage, CLKO 


Vbb 




Vbb+0-5 


V 




Vno 


Input Intermediate Voltage, CLKO 


GRDD-o.5 




0.8 


V 




VlHO 


Input High Voltage, CLKO 


Vcc-0-5 




Vcc 


V 





POWER DISSIPATION 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ.t 1 ' 


Max. 


Test Conditions 


Icco 


Vcc Standby Current 




6 


9 


mA 


PDN = V|H MIN 


Ibbo 


Vbb Standby Current 




5 


9 


mA 


PDN = VlH MIN 


Icci 


Vcc Operating Current, Power 
Amplifiers Inactive 




21 


34 


mA 


PWRI = Vbb 


Ibbi 


Vbb Operating Current, Power 
Amplifiers Inactive 




21 


34 


mA 


PWRI = Vbb 


ICC2 


Vcc Operating Current 




28 


44 


mA 




IBB2 


Vbb operating Current 




28 


44 


mA 





NOTE: 1. Typical values are for Ta = 25° C and nominal power supply values. 
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D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 



Symbol 


Parameter 


Min. 


Typ. 111 


Max. 


Unit 


Test Conditions 


I BRA 


Input Leakage Current, PWRI 






3 


MA 


-3.2V < Vin < 3.2V 


RlRA 


Input Resistance, PWRI 


10 






MO 




RORA 


Output Resistance, PWRO+ PWRO~ 




1 




n 


| IoutI <10mA 
-3.0V < Vout < 3.0V 


VoSRA 


Output DC Offset, PWRO + , PWRO" 






75 


mV 


PWRI Connected to GRDA 


Clra 


Load Capacitance, PWRO + , PWRO" 






100 


PF 






Output Voltage Swing Across Ri_, 

PWRO+, PWRO- Single Ended 
Connection 






±3.2 


V 


Ri_ = 10kn 




VORAI 






±2.9 


V 


Rl = 600H 


Rl Connected 
to GRDA 








±2.5 


V 


Ri_ = 300n 






Differential Output Voltage Swing, 

PWRO+, PVVRO - 

Balanced Output Connection 






±6.4 


V 


Rl = 20ktt 


Rl Connected 
Between PWRO+ 


VORA2 






±5.8 


V 


R L = 1200(1 








±5.0 


V 


Rl = 600O 


and PWRO- 



A.C. CHARACTERISTICS T A = 0°C to +70°C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 
Clock Input Frequency: CLK = 1.536MHz ± 0.1%, CLK0 = Vilo (Tied to Vbb) CLK = 2.048MHz ± 0.1%, CLK0 = Viho (Tied to Vcc) 

CLK = 1.544MHz ± 0.1%, CLK0 = Vno (Tied to GRDD) 



TRANSMIT FILTER TRANSFER CHARACTERISTICS (See Transmit Filter Transfer Characteristics description section 

for graph) 


Symbol 


Parameter 


Min. 


Typ.ni 


Max. 


Units 


Test Conditions 


Grx 


Gain Relative to Gain at 1kHz 










OdBmO Input Signal 




Below 50Hz 






-10 


dB 


Gain Setting Op Amp at 




50Hz 






-20 


dB 


Unity Gain 




60Hz 






-22 


dB 






200Hz 


-1.8 




-0.125 


dB 


OdBmO Signal = 1.1 Vrms 




300Hz to 3000Hz 


-0.125 




0.125 


dB 


Input at VFxI- 




3300Hz 


-0.65 




0.03 


dB 






3300Hz (2912-3 & 2912-5) 


-.35 




0.03 


dB 






3400Hz 


-1.4 




-0.1 


dB 


OdBmO Signal = 1.6 Vrms 




3400Hz (2912-3 & 2912-5) 


-0.7 




-0.1 


dB 


Output at VFxO 




4000Hz 






-14 


dB 






4600Hz and Above 






-32 


dB 




Gax 


Absolute Passband Gain at 1kHz, VFxO 


2.9 


3.0 


3.1 


dB 


Rl = °°, Note 3 


Gaxt 


Gain Variation with Temperature 
at 1 kHz 




.0002 




dB/°C 


OdBmO Signal Level 


Gaxs 


Gain Variation with Supplies at 1kHz 




.04 




dB/V 


OdBmO Signal Level, 
Supplies ±5% 


CTrt 


Cross Talk, Receive to Transmit, 
Measured at VFxO 

20 log VFx0 
y VFrO 






^60 


dB 


VFrI = 1.6 Vrms, 1kHz Input 
VFxl+ VFxl- Connected 
to GSx, GSx Connected through 
10knto GRDA 


Ncxi 


Total C Message Noise 2912, 2912-3 




9 


12 


dBrncO 

[2] 


Gain Setting Op Amp at 




at Output, VF x O 2912-6, 2912-5 




13 


14 


Unity Gain 


NCX2 


Total C Message Noise 2912, 2912-3 




10 


13 


dBrncO 

[2] 


Gain Setting Op Amp at 




at Output, VF x O 291 2-6, 291 2-5 




14 


15 


20dB Gain 


Ddx 


Differential Envelope Delay, VFxO 
1kHz to 2.6kHz 






80 


MS 




Dax 


Absolute Delay at 1kHz, VFxO 






150 


MS 




DPxi 


Single Frequency Distortion Products 






-48 


dB 


OdBm Input Signal at 1kHz 


DPX2 


Single Frequency Distortion Products 
at Maximum Signal Level of 
+3dBmO at VFxO 






-45 


dB 


0.16 Vrms 1kHz Input Signal at 
VFxl + ; Gain Setting Op Amp at 
20dB Gain. The +3dBmO signal 
at VFxO is 2.24 Vrms. 



See next page for NOTES. 
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D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb = -5V ± 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 



Symbol 


Parameter 


Min. 


Typ.^ 


Max. 


Unit 


Test Conditions 


Ibxi 


Input Leakage Current, VFxl + , VFxT 






100 


nA 


-2.2V < Vin < 2.2V 


Rixi 


Input Resistance, VFxl + , VFxT 


10 






MH 




Vosxi 


Input Offset Voltage, VFxl + , VFxl" 






25 


mV 


-2.2V < Vin < 2.2V 


CMRRi 


Common Mode Rejection, VFxl + » VFxl~~ 


45 






dB 


-1.6V < Vin < 1.6V, OdBmO^ 
1.1 Vrms, Input at VFxl~ 


CMRR2 


Common Mode Rejection, VFxl + , VFxl~ 


40 






dB 


-2.2V < Vin < 2.2V 


Avol 


DC Open Loop Voltage Gain, GSx 


1000 










fc 


Open Loop Unity Gain Bandwidth, GSx 




1 




MHz 




Voxr 


Output Voltage Swing, GSx 






±2.5 


V 


RL>10kH 


Clxi 


Load Capacitance, GSx 






20 


PF 




Rlxi 


Minimum Load Resistance, GSx 


10 






kn 


Minimum Rl 


ANALOG INTERFACE, TRANSMIT FILTER 


Symbol 


Parameter 


Min. 


Typ.^ 


Max. 


Unit 


Test Conditions 


Rox 


Output Resistance, VFxO 






400 


n 




Vosx 


Output DC Offset, VFxO 






250 


mV 


VFxl + Connected to GRDA, 
Input Op Amp at Unity Gain 


PSRRi 


Power Supply Rejection of Vcc at 
1kHz, VFxO 


25 


35 




dB 


Note 2 


PSRR2 


Power Supply Rejection of Vbb at 
1kHz, VFxO 


25 


30 




dB 


Note 2 


Clx 


Load Capacitance, VFxO 






20 


PF 




Rlx 


Minimum Load Resistance, VFxO 


10 






kn 


Minimum Rl 


Vox 


Output Voltage Swing, 1kHz, VFxO 






±3.2 


V 


R L >10KQ or with 2910A or 2911 A 



ANALOG INTERFACE, RECEIVE FILTER 



Symbol 


Parameter 


Min. 


TypJ 1 ! 


Max. 


Unit 


Test Conditions 


I BR 


Input Leakage Current, VFrI 






1 


juA 


-3.2V < Vin < 3.2V 


RlR 


Input Resistance, VFrI 


1 






Mn 




Ror 


Output Resistance, VFrO 






100 


n 




VOSR 


Output DC Offset, VFrO 






200 


mV 


VFrI Connected to GRDA 


PSRR3 


Power Supply Rejection of Vcc at 
1kHz, VFrO 


25 


35 




dB 




PSRR 4 


Power Supply Rejection of Vbb at 
1kHz, VFrO 


25 


30 




dB 




Clr 


Load Capacitance, VFrO 






20 


PF 




Rlr 


Minimum Load Resistance, VFrO 


10 






kn 


Minimum Rl 


VOR 


Output Voltage Swing, VFrO 






±3^1 


V 


Ri_ = 10kn 



NOTE: 

1. Typical values for Ta = 25° C and nominal power supply values. 2. PSRRi,2 include input op amp in transmit section. 
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A.C. CHARACTERISTICS 

Ta = 0°C to +70° C, Vcc = +5V ± 5%, Vbb : 



-5V ± 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. 



Clock Input Frequency: CLK = 1.536MHz ± 0.1%, CLKO = Vilo (Tied to Vbb) 

CLK = 1.544MHz ± 0.1%, CLKO = Vho (Tied to GRDD) 
CLK = 2.048MHz ± 0.1%, CLKO = Viho (Tied to Vcc) 



RECEIVE FILTER TRANSFER CHARACTERISTICS 



(See Receive Filter Transfer Characteristics description section 
for graph) 



Symbol 


Parameter 


Min. 


Typ^ 11 


Max. 


Units 


Test Conditions 


Grr 


Gain Relative to Gain at 1kHz with 
Sinx/x Correction of 2910A or 2911A 










OdBmO Input Signal 




Below 200Hz 






0.125 


dB 


OdBmO Signal s 1.6 Vrms x 




200Hz 


-0.5 




0.125 


dB 


/.Qln f / f \ 




300Hz to 3000Hz 


-0.125 




0.125 


dB 


^ 27t(8000)/ 27r(8000)y 




3300Hz 


-0.65 




0.03 


dB 


Input at VFr I 




3300Hz (2912-3 & 291 2-5) 


-.35 




0.03 


dB 






3400Hz 


-1.4 




-0.1 


dB 






3400Hz (2912-3 & 2912-5) 


-0.7 




-0.1 


dB 






4000Hz 






-14 


dB 






4600Hz and Above 






-30 


dB 




Gar 


Absolute Passband Gain at 1kHz, VFrO 


-0.1 





+0.1 


dB 


Rl = °°, Note 3 


Gart 


Gain Variation with Temperature 
at 1kHz 




.0002 




dB/°C 


OdBmO Signal Level 


Gars 


Gain Variation with Supplies at 1kHz 




.04 




dB/V 


OdBmO Signal Level, Supplies 
±5% 


CTtr 


Cross Talk, Transmit to Receive, 
Measured at VFrO; 20 log (VFrO/VFxO) 






-60 


dB 


VFxl = 1.1 Vrms, 1kHz Output. 
VFrI Connected to GRDA. 


NCR 


Total C Message Noise 291 2, 291 2-3 




9 


12 


dBrncO 

[2] 


VFrO Output or PWRO+ and 
PWRO- Connected with Unity 
Gain 




at uuxpux, vrRvj 

2912-6, 2912-5 




13 


14 


DDR 


Differential Envelope Delay, VFrO, 
1kHz to 2.6kHz 






100 


MS 




Dar 


Absolute Delay at 1kHz, VFrO 






110 


MS 




DPri 


Single Frequency Distortion Products 






-48 


dB 


OdBm Input Signal at 1kHz 


DPr 2 


Single Frequency Distortion Products 
at Maximum Signal Level of 
+3dBmO at VFrO 






-45 


dB 


+3dBmO Signal Level of 
2.24 Vrms, 1kHz Input at VFrO 



NOTES: 

1. Typical values are for Ta = 25° C and nominal power supply values. 

2. A noise measurement of 18dBmc into a 6000 load at the 2912 device is equivalent to 12dBrncO. 

3. For gain under load refer to output resistance specs and perform gain calculation. 
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2912A 
PCM TRANSMIT/RECEIVE FILTER 



Low Power Consumption: 

50mW Typical without Power 

Amplifiers 

80mW Typical with Power Amplifiers 

0.4mW Typical Standby 

Low Idle Channel Noise: 
3 dBrncO Typical, Receive 
6 dBrncO Typical, Transmit 

Excellent Power Supply Rejection: 
45dB Typical on V B b @ 1kHz 
40dB Typical on V B b @ 20kHz 
High Pass Filter Rejects Low 
Frequency Noise: 
23dB @ 60Hz 
28dB @ 50Hz 
58dB@16Hz, Typical 



Adjustable Gain in Both Directions 

Fully Compatible with the Industry 
Standard Intel 2912 

D3/D4 and CCITT G712 Compatible 

Common Mode Op Amp input 
Rejection 75dB Typical 
Direct Interface to the Intel 
2910A/2911A PCM Codecs Including 
Stand-By, Power Down Mode 

Direct Interface with Transformer or 
Electronics Hybrids 

Fabricated with Reliable N-Channel 
MOS Process 



The Intel 291 2A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters 
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise, 
and power supply rejection. A single part exceeds both AT&T D3/D4 and CCITT transmission specs, exceeds 
digital Class 5 central office switching system stringent specifications, and is fully compatible with the 2912. 
The primary application for the 291 2A is in telephone systems for transmission, switching, or remote 
concentration. 

An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit 
and receive passband filter sections of the 291 2A. The device is fabricated using Intel's reliable two layer 
polysilicon gate NMOS technology. (See Intel Reliability Report RR-24 on the 2910A, 2911 A, and 2912.) The 
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS 
technology results in a monolithic 291 2A filter which is packaged in a standard 16 pin DIP. 

For additional specs, operating characteristics, and applications information please see the 2912 data sheet. 



BLOCK DIAGRAM 



PIN CONFIGURATION 



© VF X I+- 
VF X I— 

GS X « 



==> 



r\. 




i^_ 



o 



PIN NUMBER 



t t t t 

PWRI VFrO V bb Vcc GRDD GRDA 

0© © © © ® 



-VF X @ 




— -•-VFrI © 

— PDN © 

— CLK © 
*— CLKO © 



PIN NAMES 



VF X I + ,VF X |- 


ANALOG INPUTS 


CLK 


CLOCK INPUT 


GSx 


GAIN CONTROL 


CLKO 


CLOCK SELECTION 


VF X 


ANALOG OUTPUT 


PDN 


POWER DOWN 


VF R I 
VFrO 


ANALOG INPUT 


Vcc 


POWER (+5V) 


ANALOG OUTPUT 


Vbb 


POWER (-5V) 


PWRI 

PWRO+, PWRO- 


DRIVER INPUT 


GRDD 


DIGITAL GROUND 


DRIVER OUTPUT 


GRDA 


ANALOG GROUND 



AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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TRANSFER CHARACTERISTICS 



TRANSMIT FILTER 



RECEIVE FILTER 





1. TYPICAL TRANSFER FUNCTION OF 



POWER SUPPLY REJECTION 
AVERAGE VALUES OVER 3 RANGES 



TRANSMIT FILTER 

At VF x O with VF X I + Connected to GRDA; input Op Amp at Unity Gain 



V C C 



V BB 



| 3,000 



V C C 



V B B 



v C c 



VBB 



500 1000 5,000 10,000 

FREQUENCY (Hz) 



RECEIVE FILTER 

At VF R with VF R I Connected to GRDA 



60 
























Vcc 






v cc 




VBB 














VBB 






40 












- 












V B B 




30 






20 


- 








Ui 

8 

o 

I 








10 




300 


I I 


3,000 











500 1,000 5,000 10,000 

FREQUENCY (Hz) 
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ABSOLUTE MAXIMUM RATINGS' 

Temperature Under Bias -10°C to +80°C 

Storage Temperature -65°C to +150°C 

Supply Voltage with Respect 

to V BB ■ .". -0.3V to +14.0V 

All Input and Output Voltages 

with Respect to V B b -0.3V to +14.0V 

All Output Currents ±50mA 

Power Dissipation 1 Watt 



'COMMENT: 

Stresses above those listed under "Absolute Maxi- 
mum Rating" may cause permanent damage to the 
device. This is a stress rating only and functional op- 
eration of the device at these or at any other condi- 
tion above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T A =25°C, V CC = + 5V, V BB = -5V ( GRDA=0V, GRDD=0V 

POWER DISSIPATION 





Parameter 




Limits 




Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


^cco 


V C c Standby Current 




40 




/JiA 


PDN = V, H MIN 


'bbo 


V BB Standby Current 




40 




/JiA 


PDN = V| H MIN 


! CC1 


v'cc Operating Current, 
Power Amplifiers Inactive 




5 




mA 


PWRI = V BB 


•bbi 


V B b Operating Current, 
Power Amplifiers Inactive 




5 




mA 


PWRI = V BB 


'cC2 


V cc Operating Current 




8 




mA 




•PB2 


V BB Operating Current 




8 




mA 




ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 


CMRR 


Common Mode Rejection, 
VF x l + ,VF x r 




75 




dB 


-2.2V<V, N <2.2V,0dBmO 


Avol 


DC Open Loop Voltage 
Gain, GS X 




6000 









A.C. CHARACTERISTICS 

T A =25°C,V C c= +5V,V BB = -5V,GRDA=0V,GRDD=0V 
TRANSMIT FILTER CHARACTERISTICS 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ncxi 


Total C Message Noise 
at Output, VF x O 




6 




dBrncO 
[1] 


Gain Setting Op Amp at 
Unity Gain 


Ncx2 


Total C Message Noise 
at Output, VF x O 




9 




dBrncO 
[1] 


Gain Setting Op Amp at 
20dB Gain 


RECEIVE FILTER CHARACTERISTICS 


N C R 


Total C Message Noise 
at Output, VF R 




3 




dBrncO 
[1] 


VF R Output or PWRO+ and 
PWRO~ Connected with Unity 
Gain 


NOTES: 

1 . A noise measurement of 1 5dBrnc into a 600H load at the 291 2A device is eqi 


ivalentto9dBrncO. 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408)987-8080 
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2920-16 
SIGNAL PROCESSOR 



Real Time Digital Processing of 
Analog Signals 

Nominal Signal Bandwidths from DC 
to 10KHz 

Digital Processing Accuracy and 
Stability 

Special Purpose Instruction Set for 
Signal Processing 

INTELLEC® Compatible Development 
System Software and Hardware 



Multiple Analog Inputs and Outputs 

On-Chip Sample and Hold Circuits 
and D/A Converter 
On-Chip EPROM: User Program- 
mable and UV Erasable 
On-Chip Scratch Pad Memory 

Analog and/or TTL Output 
Waveforms, User Selectable 

± 5V Power Supplies 

N-MOS Process 



■ 2920-1 6 (T CY c = 600 nsec), 2920-1 8 (T CYC = 800 nsec) 

The Intel® 2920 Signal Processor is a programmable, single chip analog and digital signal processor 
specifically designed to replace analog subsystems in real time processing applications. Its instruction 
set plus the high precision (25 bits) digital arithmetic logic unit provides the capability to implement very 
complex subsystems. Typical functions performed by the 2920 include: Lowpass and Bandpass filters 
with up to 20 complex pole and/or zero pairs; Threshold Detectors; Lirniters; Rectifiers; up to 25-bit 
multiplication and division; approximations to nonlinear functions such as square law and logarithm; 
logical operations; Input and Output multiplexing of signals; logical outputs for decision type processing; 
and analog outputs for multifrequency oscillators, waveform generators, etc. In addition, several 2920's 
may be cascaded for very complex processing applications with no loss in throughput rate. 



PROGRAM STORAGE 
(EPROM) 
192 x 24 



SIGIN (0)- 

SIGIN (1)- 

SIGIN (2)- 

SIGIN (3)- 



^£. 



CLOCK LOGIC 

& 

PROGRAM 

COUNTER 



A/D N 

CIR. — ]/ 



<£l 



PAD 
MEMORY 



? 



£ 




^£ 



y ALU 



<^ 



2^ 



I T7TTT" 

VREF +5V -5V OF GR.DD GRDA M1 M2 



-SIGOUT (0) 
-SIGOUT (1) 
-SIGOUT (2) 
-SIGOUT (3) 
-SIGOUT (4) 
-SIGOUT (5) 
-SIGOUT (6) 
-SIGOUT (7) 



•EXTERNAL COMPONENTS 



Figure 1. Functional Block Diagram (Run Mode). 
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PIN DESCRIPTIONS (RUN MODE) 



Symbol 

SIGOUT 

GRDA 
CAP! & CAP 2 

VREF 
SIGIN 

Vbb 
X1/CLK 



X 2 

GRDD 

Vcc 
CCLK 



RUN/PROG 
RST/EOP 



Function 

8 pins corresponding to the 8 

demultiplexed analog outputs 

(0-7). 

Analog signal ground held at or 

near GRDD typically. 

External capacitor connections for 

the input signal sample and hold 

circuit. 

Input Reference Voltage. 

4 pins corresponding to the 4 
multiplexed analog inputs (0-3). 

Most negative power pin set at - 5 
volts during run mode (different 
voltage in program mode). 
Clock input when using external 
clock signals, oscillator input for 
external crystal when using inter- 
nal clock. 

Osciiiator input for external crystal 
when using internal clock. 
Digital ground. 

5 volts in run mode. 

Internal fetch cycle clock output. 
The falling edge designates the 
START of a new PROM fetch cycle. 
CCLK is 1/16 of X1/CLK rate. 

Mode control tied to GRDD in run 
mode. 

Low RST input initializes program 
fetch counter to first location. As 



Symbol Function 

an output it signifies EOP instruc- 
tion present (open drain, active 
low). 



OF 


Indicates an overflow in the cur- 




rent ALU operation (open drain, ac- 




tive low). 


VSP 


EPROM power Pin volts for RUN 




mode. (Different voltage in pro- 




gram mode.) 


M1, M2 


Two pins which specify the output 




mode of the SIGOUT pins (see 




Table 6). 




SIGOUT 3 C 


1 ^^ 28 


3 SIGOUT 2 




SIGOUT 4 C 


2 27 


3 SIGOUT 1 




SIGOUT 5 C 


3 26 


3 SIGOUT 




grdaC 


4 25 


3 M1 




SIGOUT 6 C 


5 24 


3 M2 




SIGOUT 7 C 


6 23 


3 VSP 




CAPt C 


7 22 
2920 


Dot 




VREF C 


8 21 


3 RST/EOP 




CAP 2 C 


9 20 


3 RUN/PROG 




SIGIN C 


10 19 


I] CCLK 




SIGIN 3 C 


11 18 


DVcc 




VbbC 


12 17 


I] GRDD 




SIGIN 2 C 


13 16 


3x 2 




SIGIN 1 C 


14 1.5 


3 Xt/clk 









Figure 2. Run Mode Pin Configuration. 



PIN DESCRIPTIONS (PROGRAM MODE) 



Symbol 

D0,D1,D2,D3 



Vbi.Vb2.Vb3 



Vsi.Vs2.Vs3 



RUN/PROG 



INCR 



Function 

4 pins carrying EPROM program 
data for both input and output 
(open drain, active low output; ac- 
tive high input). 

Digital ground in PROGRAM mode 
(different voltage for RUN mode). 

+ 5 volts in PROGRAM mode (func- 
tion changes for RUN mode). 

Mode control pin tied to ground for 
PROGRAM mode (voltage changes 
for RUN mode). 

Input pulse increments the nibble 
(4-bits) counter in PROG mode 
(function changes in RUN mode). 



Symbol 

VSP 



PROG/VER 



RST 



Function 

EPROM power pin +5 volts for 
VERIFY mode and +25 volts for 
PROGRAM mode (different voltage 
in RUN mode). 

Controls EPROM bi-directional 
data bus for verify (low) or program 
(high). 

Input pulse resets nibble counter 
to position zero for start of pro- 
gramming. 
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D3 C 




J 28 


J D2 


c 


2 


27 


HD1 


c 


3 


26 


1 DO 


VB3C 


4 


25 


HVS1 


c 


5 


24 


H PROG/VER 


c 


6 


23 


3 VSP 


VB2C 


7 22 
2920 

8 21 


U Fncr 

^RST 


c 


9 


20 


3 RUN/PROG 


C 


10 


19 


3- 


C 


11 


18 


DV S 3 


v B id 


12 


17 


D V S2 


C 


13 


16 


3 


c 


14 


15 


3 











Figure 3. Program Mode Pin Configuration. 



FUNCTIONAL DESCRIPTION 

The Intel® 2920 is a programmable, single chip 
analog and digital signal processor which has 
been designed specifically to replace analog 
systems in real-time processing applications. The 
2920 operates its analog circuitry simultaneously 
with the digital circuitry thereby achieving the effi- 
ciency and speed needed for real-time operation. 
Digital circuitry includes: EPROM program 
storage, RAM scratch pad memory, clock and tim- 
ing circuitry, binary scaler, and the arithmetic 
logic unit (ALU). The analog circuitry is composed 
of 4 analog inputs, an input multiplexer, an input 
sample and hold (S&H), A/D and D/A converters, 
an output multiplexer, 8 analog outputs, and buf- 
fered output S&H's. 

Once the EPROM is programmed, the 2920 is 
ready for operation as an analog subsystem. The 
following signal flow and operations can be 
described with reference to the functional block 
diagram shown in Figure 1. 

Clock and Timing Logic — The 2920 can use an 
external clock or can generate its own clock with 
an external crystal placed across Pins 15 and 16. 
The program counter is incremented one instruc- 
tion count for every 4 master clock cycles and 
continues to increment until it reaches a count of 
191 . Instructions are executed sequentially and no 
program jumps are provided. The sample rate is 
determined by the number of instructions in the 
program and the instruction cycle time. A 6.67 
MHz clock (600 nsec instruction cycle time) and a 
full 192 instructions will result in a sample rate of 
8,680 Hz. 

Program Storage and Control — The EPROM is 
made up of 192 words with 24-bits per word. Each 



24-bit word contains 6 instruction fields (see 
Table 1) which control the individual subsystems 
in the 2920. 

RAM — The memory consists of a random-ac- 
cess read/write array organized as 40 words of 
25-bits each. The address space is extended to 
provide constants and access to a register (DAR) 
for interfacing the memory-ALU with the analog 
conversion section. The RAM is a two port 
memory where the "A" location is Read Only and 
passes via a scaler to the ALU as one operand. The 
"B" location data passes to the ALU input as its 
second operand and the ALU result is written back 
to it. Both the RAM and the ALU represent data in 
two's complement format. All operations are per- 
formed in two's complement arithmetic. Program 
operations are simplified by assuming the binary 
point to the right of the sign bit. 

An extended address space is used to generate 
constants within the program. It is accessed 
through the "A" port only and may be addressed 
using the last 16 locations of the "A" address field 
(i.e., "A" address 11XXXX). The constant is deter- 
mined by the 4 least significant "A" address bits. 

These 4 bits are treated as the 4 most significant 
bits at the input to the binary shifter. A sequence 
of extended addresses with shift operations can 
generate any constant up to 25 bits long. 

The DAR is 9 bits wide and can be accessed in 
several ways. As a memory location, the DAR oc- 
cupies the 9 most significant bit positions of the 
25-bit word and can be accessed as "A" and/or 
"B" port. The DAR output is also tied directly to 
the D/A converter inputs and is used as a suc- 
cessive approximation register for A/D conversion 
under control of the analog function instruction 
fields. Each bit position of the DAR can also be 
selected and tested for conditional arithmetic 
operations. 

Binary Shifter — The 2920 has a binary shifter bet- 
ween the memory "A" port output and the ALU 
"A" operand input. This feature allows the "A" 
operand to be scaled by any magnitude between 
2 2 and 2~ 13 (left shift 2 to right shift 13). When a 
number is shifted right vacated bit positions are 
filled with the sign bit. (2's complement arithmetic 
shift). Shift op codes are shown in Table 2. 

ALU — The Arithmetic-Logic Unit calculates a 
25-bit result based on an operation performed on 
the scaled "A" and the "B" operands delivered 
from memory. The 25-bit result is written back in- 
to the "B" memory location near the end of the in- 
struction cycle. The ALU has logic to accom- 
modate the left shift scaling. For arithmetic opera- 
tions, this logic is used to calculate a 25-bit result 
for normal operations and to maintain the sign bit 
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when an overflow occurs. An overflow occurs only 
when the magnitude of the result Is larger than the 
largest number that can be stored in memory (25 
bits). In that event, the result is set to the largest 
magnitude value with the correct sign. This 
overflow algorithm protects the continuity of the 
digitized analog signals and helps maintain the 
stability of the signal processing functions im- 
plemented. It is analogous to an overdriven 
amplifier going into saturation. 

Instruction Set — The 2920 assembler uses the 
following program format to specify the 24-bit in- 
struction word stored in the EPROM: 



ALU 

INSTRUCTION 

(3 BITS) 


B 
ADDRESS 
(6 BITS) 


A 
ADDRESS 
(6 BITS) 


SHIFT 
CODE 
(4 BITS) 


ANALOG 

INSTRUCTION 

(5 BIT) 



All processing subsystems are implemented us- 
ing a combination of analog and digital instruc- 
tions to input and output signals and/or data, and 
to realize the processing functions respectively. 

The analog input and output instructions are IN(K) 
and OUT(K) respectively. A sequence of IN(K) in- 
structions followed by the sign conversion and 



amplitude conversion instructions CVTS and 
CVT(K) respectively are used to perform the input 
A/D conversion. A simple sequence of OUT(K) in- 
structions is all that is needed to output a 9-bit 
amplitude on channel K. Other analog instruc- 
tions are the EOP instruction which must be plac- 
ed at ROM location 188, NOP which is simply a 
no-operation, and CNDS or CND(K) which are con- 
ditional operators which select and test a bit in 
the DAR for the conditional ADD or LDA instruc- 
tions or define the destination of the carry bit for 
the conditional SUB instruction. 

The ALU arithmetic instructions are 
ADD,SUB,LDA which perform the operations of 
addition, subtraction, and data transfer respec- 
tively. When these instructions are conditioned, 
they may be used to perform multiplication or divi- 
sion by a variable or data dependent switching. 

Other digital instructions include the absolute 
value ABS, the absolute value and add ABA, and 
the ideal limit instruction LIM. 

These instructions and their corresponding op 
codes are detailed in Table 3. 



Table 1. Nibble Organization For Loading Program 

J 2_ 3 4 



2 



1 


A1 


B1 


A2 



B2 



A3 



B3 



A4 



B4 



A5 



B5 



A0 



BO 





1 


2 



1 2 



|^ADK-*-|««-ADF-&4< 



-MEMORY ADDRESSES - 



-SHF 



ALU-**| 



Note: The input pins for each nibble bit from left to right 
are DO, D1, D2, D3. 



Table 2. Shift OP Codes 



Operation 


Mnemonic 


Op Code 


Scale Factor 


3 


2 


1 





Shift Right 13 Bits 

Shift Right 12 Bits 

• 
• 
• 

Shift Right 1 Bit 

No Shift 

Shift Left 1 Bit 

Shift Left 2 Bits 


R13 

R12 

• 
• 

R01 
R00 
L01 
L02 


1 

1 

• 
• 
• 



1 

1 

1 


1 



• 
• 
• 



1 
1 
1 




1 

• 
• 
• 



1 
1 






1 

• 
• 
• 



1 



1 


2 -13 

2 -12 

• 
• 
• 

2-1 
1 
2 
4 
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Table 3. Instruction Set And OP Codes 



Mnemonics 



Op-Codes 1 



Operations 



Notes 



Code Condition 



ALU ADF ADK 



Digital Instructions 



0,1,2 



0,1 



2,1,0 



ADD 

SUB 

LDA 

XOR 

AND 

ABS 

ABA™ 

LIM 

ADD CND( )W 

SUB CND( ) [2]t8] 

LDA CND( )( 2 ] 

ABA [11] CND( )M 
XOR CND( )« 



011 
101 
111 
000 
100 
110 
001 
010 
011 

101 

111 

001 
000 



[3] 



[3] 



(Ax2N) + B- 
B - (Ax2 N ) — 

(Ax2 N ) + — 
(Ax2 N )©B— 
(Ax2 N ) • B~ 

|(Ax2 N )| 

|(Ax2 N )| + B 



-B 
-B 
-B 
-B 
-B 
-B 

,, _ -B 

Sign(A) — ± F.S.— BW 

(Ax2 N ) + B — B 

B -B 

B - (Ax2 N ) — -B 

B + (Ax2 N ) -B 

( Ax2 N) „ B 

B -B 

(Ax2 N )+B ^B 

(Ax2 N ) e B — B 



&CY — DAR(K 
&CY— DAR(K 



IFF DAR(K) = 1 
IFFDAR(K) = 
IFF CYp = 1 
IFFCYp = 
IFF DAR(K) = 1 
IFFDAR(K) = 



[5] 



Analog Instructions 



IN(K) 

OUT(K) 

CVTS 

CVT(K) 

EOF 

NOP 

CND(K) 

CNDS 



[7] 



00 
10 
00 
01 
00 
00 

11 

00 



0-3 
0-7 

6 
0-7 

5 

4 
0-7 

7 



Signal Sample from Input Channel K 

D/A to Output Channel K 

Determine Sign Bit 

Perform A/D on Bit K 

Program Counter to Zero 

No Operation 

Select Bit K for Conditional Instructions 

Select Sign Bit for Conditional Instructions 



Notes: 1. Op codes ALU and ADF are in binary notation, ADK is in decimal notation and represents the value "K" when ap- 
propriate. 

2. CND( ) can be either CND(K) or CNDS testing amplitude bits or the sign bit of the DAR respectively. 

3. Determined by analog instructions below. 

4. B is set to full scale (F.S.) amplitude with the same sign as the "A" port operand. 

5. The previous carry bit (CY P ) is tested to determine the operation. The present carry bit (CY) is loaded into the Kth bit loca- 
tion of the DAR. "Present carry (CY) is generated independent of overflow. It will represent the carry (CY) of a calculated 
28-bit result." 

6. EOP will also enable overflow correction if it was disabled during a program pass. The EOP must occur In ROM location 
188. 

7. Determined by digital instructions above. 

8. For SUB CNDS operation CY - DAR(S). 

9. Does not affect DAR. In this case, CND is used with XOR/ABA to enable/disable the ALU overflow saturation algorithm. 
Use of either instruction causes the ALU output to roll over rather than go to full scale with sign bit preserved. An EOP 
instruction will also enable the ALU overflow saturation algorithm. 

10. Clarification of CY 0UT sense for certain operations. For LDA, XOR, AND, ABS;,CY OUT -0. 

1 1 Recommend that the ABS & ADD instructions be used in place of ABA. The ABA instruction typically runs 2 MHz slower. 
The saturation logic, however can be set and reset at full speed. 



Input Multiplexer and S&H — The input channels 
consist of four analog sampling switches which 
use a common external sampling capacitor. The 
external capacitor should be approximately 500pF 
to yield an offset of less than -Vi LSB. The ac- 
quisition time should be approximately six times 
the RC time constant of the sample and hold cir- 
cuitry (i.e. 500 pF times 1.5KO equals 750 nsec). 
Acquisition time equal to six or more time con- 
stants should keep the input crosstalk to below 



-54dB. For systems which require less dynamic 
range, the input acquistion time can be reduced. 
For a 600 nsec. cycle approximately eight IN(K) in- 
structions would be required. For serial digital in- 
puts, fewer IN(K) instructions can be used. For 
systems with 2920 cycle times much greater than 
600 nsec, the external sampling capacitor should 
be increased to 1000 pF to reduce the droop rate 
with a corresponding increase in the RC time con- 
stant. 
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A/D-D/A Conversion — The successive approx- 
imation analog to digital conversion is performed 
under program control. It uses the CVTS instruc- 
tion first to set the sign bit and the CVT(K) instruc- 
tion to determine the value of the Kth DAR bit star- 
ting with the MSB. NOPs equivalent to 1.2 usee, 
must follow each CVT(K) instruction to allow the 
D/A to settle. All A/D conversions of 2 bits or more 
must have "ADD DAR, KM2, RO, CND6" im- 
mediately following the CVTS instruction follow- 
ed by NOPs equivalent to 1.2 usee. In addition, 
after CVT3, CVT2, and CVT1, "LDA X,X,RO,CND4" 
must immediately follow the CVT instruction with 
additional time in NOPs to meet the 1.2 usee, 
minimum before the next CVT(K) instruction. The 
CND4 instructions are required to minimize input 
crosstalk. The suggested conversion sequence 
for nine bit resolution with the 2920 cycle time 
equal to 600 nsec. is shown below in Table 4. 
Digital inputs and inputs with less than nine bits 
resolution will have a shorter sequence. 

Table 4. Suggested input And Conversion Sequence 



Digital 


Analog 


Digital 


Analog 




IN(K) 




CVT5 




IN(K) 




NOP 




IN(K) 




NOP 




IN(K) 




CVT4 




IN(K) 




. NOP 




IN(K) 




. NOP 




IN(K) 




. CVT3 




IN(K) 


LDA X,X,R0, 


CND4 




NOP 




. NOP 




CVTS 




. CVT2 


ADD DAR,KM2,R 


0, CND6 


LDA X,X,R0, 


GND4 




NOP 




. NOP 




NOP 




. CVT1 




CVT7 


LDA X,X,RU, 


CND4 




NOP 




. NOP 




NOP 




. CVTO 




CVT6 








NOP 








NOP 






_ Continue Next Column 









where 'V equals available digital instruction 

Output Demultiplexer and S&Hs — The 2920's 
eight analog output channels include a sample 
and hold circuit per channel demultiplexed from a 
common, buffered D/A output. Two rules for out- 
putting samples are: (1) No outputting should 
be done while writing to the DAR. (2) A se- 
quence of analog NOP instructions equal to 6 
usee, should be used to settle the D/A converter, 
and a sequence of OUT(K) instructions equal to 1 
useo. should be used to settle the S&H output. In 
addition, to minimize output crosstalk, a dummy 
output to an unused channel should be performed 
prior to outputting to the desired channel. The 



suggested sequence for a nine bit resolution out- 
put with a 600 nsec. cycle time is outlined in Table 
5. For outputs that require less than nine bits 
resolution or digital outputs, the number of NOPs 
and OUT(K)s can be reduced. 

Table 5. Suggested Output Sequence 



DIGITAL 



ANALOG 



LDA.DAR.X.RO, 



NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

CND(X) 

OUT(X) 

OUT(X) 

OUT(K) 

OUT(K) 



where K= desired output and X = wasted output 
K^X, "•" available digital instruction. 

Conditional operations should not immediately 
precede or follow an OUT instruction. Otherwise a 
CND(K) may affect the value of the Kth output. 

TTL Output — The SIGOUT(K) pins can be 
selected to be either analog out or TTL compatible 
as seen in Table 6. The analog mode allows the 
full 9-bit D/A output to be present. The TTL mode 
requires a L/M instruction to yield a "0" or "1" 
decision. This output can be presented to the 
SIGOUT(K) pins and is compatible to a single TTL 
gate or equivalent. The internal threshold required 
is ±1.5 volts for a high levei output. An external 
pullup resistor to V C c is also required. 

Table 6. Output HUode For Sigout Pins As 
Function Of Ml And M2 



M1 


M2 


SIGOUT Pins 


5V 


5V 


0-7 Analog 


5V 


-5V 


0-3 Analog, 4-7 TTL 


-5V 


5V 


0-3 TTL, 4-7 Analog 


-5V 


-5V 


0-7 TTL 



Reference Voltage — The internal D/A converter 
requires a single positive reference voltage 
(VREF) to establish its voltage range. This user 
supplied reference can range from 1V to 2V. The 
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resulting input and output signal voltage range is 
± VREF. For full 9-bit resolution and best lineari- 
ty, VREF=1V. If the TTL output is required, 
VREF>1.5V is necessary. The minimum voltage 
step (LSB) of the D/A converter is Vr E f/256 volts. 
Voltage variations on Vr EF will appear as noise to 
the D/A converter. It is therefore necessary to pro- 
vide a noise free voltage source for the reference. 
The input signal voltage range is (±VREF)- 1 /2 
LSB. Recommended maximum negative output is 
-1.0 volts. 

2920 DEVELOPMENT SUPPORT TOOLS 

Support tools for the 2920 are based on the 
Intellec® Microcomputer Development Systems. 
A 2920 Software Support Package (SPS-20) con- 
sisting of the Signal Processing Applications 
Software/Compiler (SPAS-20), the 2920 Software 
Simulator, and the 2920 Assembler is available to 
facilitate design and development efforts. EPROM 
programming support includes the Intel EPROM 
programmer and the 2920 personality module 
(UPP-820). A complete Signal Processing Support 
System (MCI-20-DS1) consisting of the 
Microcomputer Development System, the 2920 
Software Support Package, the EPROM program- 
mer and personality module is recommended and 
is available at a reduced price. 

The 2920 Signal Processing Applications Soft- 
ware/Compiler is an interactive tool for designing 
software to be executed on the 2920 Signal Pro- 
cessor. The compiler accepts English-like 
statements from the user and generates 2920 
assembly language code. 

The assembler translates symbolic 2920 assembly 
language programs into the machine operation 
codes. The user can load the codes into the 2920 
simulator or to the Universal EPROM Programmer 
for programming the 2920 itself. 

The simulator, operating entirely in software, 



allows the user to test and debug 2920 programs. 
The user can specify input signals, simulate pro- 
gram execution, set-up breakpoints, display input 
and output, display and alter the contents of the 
2920 registers and memory locations, and to 
graph the output waveforms. 

The compiler, assembler and simulator enable the 
designer to develop and test an entire program 
without programming the device. The 2920 
designer works at the Intellec® Microcomputer 
Development System rather than at a breadboard. 
The development system facilitates the designing 
and testing of 2920 applications. 

EPROM PROGRAMMING 

The 2920 EPROM in the programming mode is ar- 
ranged as a 1152 by 4-bit memory. Each instruc- 
tion (24-bits) is loaded as 6 nibbles (4-bits) as 
seen in Table 3. Figure 7 shows the timing rela- 
tionships of the signals required to program and 
verify the EPROM contents. In the program mode 
all voltages are referenced to V B b which is set to 
digital ground, thereby allowing TTL logic to be 
used for controlling the programming cycle. The D 
pins are bidirec tiona l with the direction controlled 
by th e PR OG/VER pin. A high level at the 
PROG/VER pin switches to input mode, a low to 
output mode (see Figure 7). This feature allows 
the programmed data to be verified before going 
on to the next address. 

The internal nibble c ounte r is incremented during 
the falling edge of INCR. 1152 INCR transitions 
will complete the full program cycle. To initialize 
at ad dress (nibble) 0, RST must be pulsed low, 
then INCR can be issued. From then on, program- 
ming is accomplished according to Figure 7. 



The RUN/PROG pin must be tied to V BB and VSP 
should be pulsed between ±5V and +25± 1V at 
15mA maximum. The D pins have an open drain in 
the output direction. 
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H 
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15pF 
NOTE 3 



~C 4 
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c 
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-c 
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-c 
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c 



2920 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16t] 



■+5V 



(A) Run Mode (B) Program Mode 

Notes: 1. Analog grounding is connected to the GRDA lead. The GRDA and GRDD lead are not connected inside the 
2920. An external connection is thus necessary outside the device to tie all the analog ground lines to the 
common return of the system GRDD. That external connection has to have a minimal impedance (ground 
plane) to avoid a DC offset in the 2920. 

2. Pullup resistor at Pin 21 is only required if an EOP instruction is used. 

3. Stray capacitance must also be considered. The sum should not exceed 15pF. 

4. Opaque tape must cover EPROM window during run mode. 



Figure 4. Typical Power Hookups for Run and Program Mode 



INPUT 
Oto-5 
VOLTS 



-o 



-6V-# 



g 



*X2 must be high 45-50% of the period and X1 must be 
high 50-55% of the period 

Rise and fall times must be less than 20 nsec. and overlap 
must be less than 5 nsec. 



ABSOLUTE MAXIMUM RATINGS 4 



Temperature Under Bias -40°Cto ±80°C 

Storage Temperature - 65 °C to ± 150°C 

Supply Voltage with Respect to V BB 0.5V to ± 14V 

All Input Voltages -0.5Vto(V cc ± IV)- 

Outputs - 1V to(V cc ±-1V) 

Power Dissipation 1.5W 



♦COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Figure 5. External Clock Driver 
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D.C. AND OPERATING CHARACTERISTICS (Run Mode) 

T A = 0°Cto +70"C > V CC =5V ±5%, V BB = -5V ±5% 
ANALOG (SIGIN(K), SIGOUT(K)) 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Z| 


Input Impedance 




100 




KO 


Unsampled input 


ZSH 


S&H Impendance 




1.5 




KG 


Series resistance with S&H 




A/D Resolution 






9 


bits 






Input Differential Linearity 




±1 




LSB 






Input Integral Linearity 




±1 




LSB 




T A 


Aperture 




5 




nsec 


Equivalent SNR = 60dB @ 10KH Z 


X, 


Input Crosstalk 




-54 




dB 


Input to input* 


V|D 


Input Droop Rate 




50 




uv/us 


500pF cap. with dark cover 


V|R 


Input Voltage Range 






±VREF 


V 




Vios 


Input Zero Offset 




8 




mV 




•lZC 


Input Zero Crossing Error 




12 




mV 




G| 


input Gain 




1 










Gain Error 




2 




% 


ratio of Neg. & Pos. gains 


T|A 


Input Acquistion Time 




4,500 




nsec 


9 bit resolution* 


Zo 


Output Impedance 




1 




KG 




lo 


Output Drive Current 




400 




A*A 


20pF load 




D/A Resolution 






9 


bits 






Output Differential Linearity 






±V2 


LSB 


SIGOUT load 100KQ 
-1<SIGOUT< 1 




Output Integral Linearity 




±1 




LSB 


SIGOUT load 100K 
-1<SIGOUT< 1 


Xo 


Output Crosstalk 




-54 




dB 


Output to output* 


V D 


Output Droop Rate 




0.2 




mv/ us 


@ 70 °C with dark cover 


V R 


Output Voltage Range 


-1.0 




+ 1 


V 




V os 


Output Zero Offset 






-100 


mV 




Vozc 


Output Zero Crossing Error 




8 




mV 




Go 


Output Gain 


0.85 






V/ v 






Gain Error 






15 


% 


ratio of Neg. & Pos. Gains 


T OA 


Output Acquistion Time 




6,000 




nsec 


9 bit resolution* 


Gt 


Throughput Gain 




.85 




V/ v 


A/D to D/A 


VREF 


Voltage Reference Level 


1.0 




2.0 


V 




IVR 


Voltage Reference Current 


60 




115 


/*A 


VREF equal 1 volts 






Mode) 










DIGITAL 


(OF, CCLK, EOP in TTL 




IlL 


Low Level Input Current 






10 


/*A 


V,n<V il 


l|H 


High Level Input Current 






10 


nA 


V|N<V| H 


V|L 


Input Low Voltage 






0.8 


V 




V| H 


Input High Voltage 


2.0 






V 




V,XL 


Input Low Voltage, XI/CLK 


-4.5 




-5 


V 




V|XH 


Input High Voltage, Xl/CLK 


-1 







V 




V 


Output Low Voltage 






0.4 


V 


l 0L = 2.5mA, CCLK ONLY 
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POWER DISSIPATION 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Ice 


Operating Current 




30 


50 


mA 


V CC = 5V ± 5% 


•bb 


Operating Current 




110 


150 


mA 


V BB = 5V ± 5% 



AC. CHARACTERISTICS (Run Mode) 

T A = O'C to + 70°C, Vcc= 5V, V BB = - 5V 



F sc 




4.0 




6.67 


MHz 


Oscilator frequency 


Tcyc 


Instruction Cycle Period 2920-16 
2920-18 


600 
800 






ns 
ns 


4 clock cycles 


T C E 


Cycle Start to EOP Valid 




100 




ns 




Teh 


EOP Hold Time 




Tcyc/8 




^ 




Tfh 


OF Release Time 




Tcyc/8 




ns 




T CW 


CCLK Pulse Width 




Tcyc 




ns 


Equals T CY c 









CCLK 

EOP 

TCE 


■ T^yi; * 


'UYC 


■ CYC 


iCYU 


r 


f i 


'- 






I 


r~ T — i 






} 1 


— — I Tfh 








— r 


OF 


\_ 


J 


\ / 




\ / 




\ 


/ 



Figure 6. Run Mode Timing. 



D.C. AND OPERATING CHARACTERISTICS (Program Mode) 

T A = 0° C to +70° G, Vss = 5V, Vbb = 0V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


Itl 


Low Level Input Current 






10 


mA 


V|N<V|L 


llH 


High Level Input Current 






10 


mA 


V|N>V|H 


VlL 


Input Low Voltage 






0.8 


V 




VlH 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.8 


V 


lOL = 2.5mA 


Isp 


Program Pulse Current 






16 


mA 


Data Input = 0000 


Vpi 


Program Pulse ON Voltage 


24 


25 


26 


V 




VP2 


Program Pulse OFF Voltage 




5 




V 




POWER DIS 


SIPATION (Program Mode) 












Iss 


| Operating Current 


I 


| 100 


I 


| mA 


|Vss = 5V-M0% 
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A.C. CHARACTERISTICS (Program Mode) Ta = o°c to +70° c, Vss = 5V, v B b = ov 





Parameter 


Limits 


Units 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


T RW 


Reset Pulse Width 


1000 






ns 




Trs 


Reset to Increment Set-Up 


200 






ns 




Trh 


Reset Hold 


300 






ns 




Tiw 


Increment Pulse Width 


1 






/US 




Tvp 


Data In Set-Up to Prog. Pulse 


2 






MS 




Tpw 


Program Pulse Width 


50 




55 


ms 




TpvIH 


Program to Verify Settling 


1 






IIS 




Tacc 


Verify Access Time 


20 






MS 




Tvi 


End of Verify to Increment 


100 






ns 





Note: 1. VSP must not undershoot 5V by more than 0.5V. Add undershoot settling time to Tp\j. 



~v 



-tpw- 

-59- 




k. 



Figure 7. Program Mode Timing. 
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8021 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 



8-Bit CPU, ROM, RAM, I/O in Single 
28-Pin Package 

Single 5V Supply (+4.5V to 6.5V) 

8.38 jusec Cycle With 3.58 MHz XTAL; 
All Instructions 1 or 2 Cycles 

Instructions— 8048 Subset 

High Current Drive Capability — 2 Pins 



1K x 8 ROM 
64 x 8 RAM 
21 I/O Lines 

Interval Timer/Event Counter 

Clock Generated With Single Inductor 
or Crystal 

Zero-Cross Detection Capability 

Easily Expandable I/O 



The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's N- 
channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, 
high volume applications, plus additional I/O flexibility and power. 

The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 211/0 lines, and an 8-bit timer /event counter, in 
addition to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 8021 can be 
expanded using the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 

To minimize. the development problems and maximize flexibility, an 8021 system can be easily designed using the 
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748 
shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021 's additional I/O 
features is included. 



1024WORDS 
PROGRAM 
MEMORY 



64 WORDS 

DATA 
MEMORY 



8-BIT 
CPU 



<"v 



8-BIT 

TIMER/ 

EVENT COUNTER 



<*£ 



RESET - 
TEST- 






ADDRESS 
- LATCH 
ENABLE 



PORT 

-► EXPANDER 

STROBE 



P22 C 

P23 C 

PROG C 

POO C 

P01 C 

P02 C 

P03 C 

P04 C 

P05 C 

P06 C 

P07 C 

ALE C 

T1 C 

VSS C 



i 3 vcc 

' 3 P21 

i 2 P20 

i 3 P17 

• 3 P16 

I 3 P15 

! 3 P14 

I 3 P13 

I 3 PI 2 

i 3 P11 

D pio 

3 RESET 
3 XTAL 2 
3 XTAL 1 



Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



Figure 3. Pin 
Configuration 
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Table 1. Pin Description 



Desig- 
nation 


Pin 
No. 


Function 


vss 


14 


Circuit GND potential 


vcc 


28 


+5V power supply 


PROG 


3 


Output strobe for 8243 I/O 
Expander 


P00-P07 


4-11 


8-bit quasi-bidirectional port 


PortO 






P10-P17 


18-25 


8-bit quasi-bidirectional port 


Portl 






P20-P23 


26-27 


4-bit quasi-bidirectional port 


Port 2 


1-2 


P20-P23 also serve as a 4-bit I/O 
expander bus for 8243 


T1 


13 


Input pin testable using the JT1 
and JNT1 instructions. Can be 
designated the timer/event 
counter input using the STRT 



Desig- 
nation 


Pin 
No. 


Function 


RESET 

ALE 
XTAL1 

XTAL2 


17 

12 
15 

16 


CNT instruction. Also allows 
zero-crossover sensing of slowly 
moving inputs. 

Input used to initialize the proc- 
essor by clearing status flip-flops 
and setting program counters to 
zero. 

Address Latch Enable. Signal 
occurring once every 30 input 
clocks, used as an output clock. 

One side of crystal or inductor 
input for internal oscillator. Also 
input for external source. (Not 
TTL compatible.) 

Other side of timing control 
element. 



Table 2. Instruction Set Summary 







■ 


Hexadecimal 


Mnemonic 


Description Bytes 


Cycle 


Opcode 


ADD A,R r 


Add register to A 1 


1 


68-6F 


ADD A,@ R 


Add data memory to A 1 


1 


60-61 


ADD A,#data 


Add immediate to A 2 


2 


03 


ADDC A,R r 


Add register with carry 1 


1 


78-7F 


ADDC A,@ R 


Add data memory with 1 
carry 


1 


70-71 


ADDC A,#data 


Add immediate with 2 
carry 


2 


13 


ANL A,R r 


And register to A 1 


1 


58-5F 


ANL A,@ R 


And data memory to A 1 


1 


50-51 


ANL A,#data 


And immediate to A 2 


2 


53 


ORL A,R r 


Or register to A 1 


1 


48-4F 


5 ORL A,@ R 


Or data memory to A 1 


1 


40-41 


3 ORLA,#data 


Or immediate to A 2 


2 


43 


| XRLA,R r 


Exclusive Or register 1 


1 


D8-DF 


o 


to A 






< XRLA,@R 


Exclusive Or data 1 
memory to A 


1 


D0-D1 


XRL A,#data 


Exclusive Or immediate 2 
to A 


2 


D3 


INC A 


Increment A 1 


1 


17 


DEC A 


Decrement A 1 


1 


07 


CLR A 


Clear A 1 


1 


27 


CPL A 


Complement A 1 


1 


37 


DA A 


Decimal adjust A 1 


1 


57 


SWAP A 


Swap nibbles of A 1 


1 


47 


RL A 


Rotate A left 1 


1 


E7 


RLC A 


Rotate A left through 1 
carry 


1 


F7 


RRA 


Rotate A right 1 


1 


77 


RRC A 


Rotate A right through 1 
carry 


1 


67 


IN A, P p 


Input port to A 1 


2 


08.09.0A 


5 OUTLPpA 

6 MOVDA.Pp 


Output A to port 1 


2 


90.39.3A 


Input expander port 1 


2 


0C-0F 


O 


to A 






■5 MOVDP p ,A 


Output A to expander 1 


2 


3C-3F 


e 


port 






ANLD P p ,A 


And A to expander port 1 


2 


9C-9F 


ORLD Pp.A 


Or A to expander port 1 


2 


8C-8F 


(0 

| ,NC R r 


Increment register 1 


1 


18-1F 


o> INC@R 
oc 


Increment data memory 1 


1 


10-11 











Hexadecimal 


Mnemonic 


Description 


Bytes 


Cycle 


Opcode 


JMP addr 


Jump unconditional 


2 


2 


04,24,44,64, 


JMPP @ A 


Jump indirect 


1 


2 


B3 


j. DJNZR, r ,addr 
£ JC addr 


Decrement register and 


2 


2 


E8-EF 


jump on R not zero 








Jump on carry= 1 


2 


2 


F6 


JNC addr 


Jump on carry=0 


2 


2 


E6 


JZ addr 


Jump on A zero 


2 


2 


C6 


JNZ addr 


Jump on A not zero 


2 


2 


96 


JT1 addr 


Jump on T1 = 1 


2 


2 


56 


JNT1 addr 


Jump on T1=0 


2 


2 


46 


JTF addr 


Jump on timer flag 


2 


2 


16 


| CALL addr 


Jump to subroutine 




2 


14,34,54,74 


■§ RET 


Return 




2 


83 


& CLRC 


Clear carry 




1 


97 


g CPLC 


Complement carry 




1 


A7 


MOV A,R r 


Move register to A 




1 


F8-FF 


MOV A,@ R 


Move data memory to A 




1 


F0-F1 


MOV A,#data 


Move immediate to A 




2 


23 


MOV R r ,A 


Move A to register 




1 


A8-AF 


MOV @ R,A 


Move A to data memory 




1 


A0-A1 


MOV R r ,#data 


Move immediate to 


2 


2 


B8-BF 


e 

| MOV@R,#data 

« XCHA,R r 


register 








Move immediate to 


2 


2 


B0-B1 


data memory 








Exchange A and 


1 


1 


28-2F 




register 








XCH A,@ R 


Exchange A and data 
memory 


1 


1 


20-21 


XCHDA,@R 


Exchange nibble of A 
and register 


1 . 


1 


30-31 


MOVP A,@ A 


Move to A from current 
page 


1 


2 


A3 


S MOV A,T 


Read timer/ counter 


1 


1 


42 


§ MOVT.A 


Load timer/ counter 


1 


1 


62 


O STRTT 


Start timer 


1 


1 


55 


e STRT CNT 


Start counter 


1 


1 


45 


| STOPTCNT 


Stop timer/ counter 


1 


1 


65 


NOP 


No operation 


1 


1 


00 
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FUNCTIONAL SPECIFICATIONS 

The following is a functional description of the 
major elements of the 8021 . 

Program Memory 

The 8021 contains 1K X 8 of mask programmable 
ROM. No external ROM expansion capability is pro- 
vided. 

Data Memory 

A 64 X 8 dynamic RAM is located on chip for data 
storage. All locations are indirectly addressable and 
eight designated locations are directly addressable. 
Also, included in the memory is the address stack, 
addressed by a 3-bit stack pointer. 

Memory is organized as shown in Figure 4. The least 
significant 8 addresses, 0-7, are directly addressable 
by any of the 11 direct register instructions. The 
locations are readily accessible for a variety of 
operations with the least number of instruction 
bytes required for their manipulation. 

Registers and 1 have yet another function, in that 
they can be used to indirectly address all locations 
in memory, using the indirect register instructions. 
These indirect RAM address registers, IRAR's, are 
especially useful for repetitive-type operations on 
adjacent memory locations. The indirect register 
instruction specifies which IRAR to use, and the 
contents of the IRAR is used to address a location in 
RAM. The contents of the addressed location is 
used during the execution of the instruction, and 
may be modified. A value larger than 63 should not 
be preset in the IRAR when selected by an indirect 
register instruction. IRAR's may point to addresses 
0-7, if desired. 

Locations 8-23 may be used as the address stack. 
The address stack enabfes the processor to keep 
track of the return addresses generated from CALL 
instructions. A 3-bit stack pointer (SP) supplies the 
address of the locations to be loaded with the next 
return address generated. The SP to this pushdown 
stack is incremented by one after a return address is 
stored, and decremented by one before an address 
is fetched during a RET. A total of 8 levels of nesting 
is possible. The SP is initialized to location 8 upon 
RESET. Since each address is 10 bits long, two bytes 
must be used to store a single address. The SP is 
incremented and decremented by one, but each 
increment or decrement moves the address pointed 
to by two. Therefore, only even numbered addresses 
are pointed to. 

If a particular application does not require 8 levels 
of nesting, the unused portion of the stack may be 













INDIRECTLY 
ADDRESSABLE J 
BY 
IRAR0 OR 1 




LOC 24-ff! 


I CAN BE USED FOR 
J ADDRESS STACK 


LOC 8-23 


7 




> DIRECTLY 

' ADDRESSABLE 


6 


5 


4 


3 


2 


IRAR1 


IRAR0 













Figure 4. Internal RAM Organization 

used as any other indirectly addressable scratchpad 
location. For example, if only 3 levels of subroutine 
nesting are used, then only locations 8-15 need be 
reserved for the address stack, and locations 16-63 
can be used for data storage. The actual program 
counter address is not stored in the address stack. A 
separate register retains its value. 

Oscillator and Clock 

The 8021 contains its own onboard oscillator and 
clock circuit, requiring only an external timing 
control element. This control element can be a 
crystal, inductor, or clock in. The capacitor normally 
required in inductor timing control operation is 
integrated onto the 8021. All internal time slots are 
derived from the external element, and all outputs 
are a function of the oscillator frequency. Pins X1 
and X2 are used to input the particular control 
element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. 
Therefore, to obtain a 10 /xsec instruction cycle, a 
3 MHz crystal should be used. 

Timer/Event Counter 

An interval timer is available to enable the user to 
keep track of time elapsed or number of events 
occurred, during normal program execution and 
flow. 

By a MOV T,A instruction, the contents of the accumu- 
lator are loaded to the timer. At the STRT T command 
an internal prescaler is zeroed and thereafter incre- 
ments once each 30 input clocks (once each single 
cycle instruction, twice each double cycle instruction). 
The prescaler is a divide by 32. At the (11111) to 
(00000) transition the timer is incremented. The 
timer is 8 bits and an overflow (FFH) to (00H) timer 
flag is set. A conditional branch is available for 
testing this flag, the flag being reset each test. 
However, the flag is not reset by system RESET. 
Total count capacity for the timer is 28 x 25 = 8192 

AFN-01567A-04 



5-3 



inteT 



8021 



PRiyMOMArav 



or 81 .9 msec at a 10 /zsec cycle time. Contents of the 
timer are moved to the accumulator by the MOV A,T 
instruction without disturbing the counting process. 

The timer may also be used as an event counter. 
After a STRT CNT command, the chip will respond 
to a high to low transition on the Test 1 pin by 
incrementing the timer. Transitions can occur no 
faster than one each three instruction cycles. 

The timerandeventfunctions are exclusive. Counting 
or timing may be started or stopped (STOP TCNT) 
at will. 

Input/Output Capabilities 

The 8021 I/O configurations are highly flexible. A 
number of different configurations are possible, 
tailoring an 8021 to a given task. Other than the 
power supply and dedicated pins, all other pins (20) 
can be used for input, output, or both, depending on 
the configuration. 

P20-P23 and P10-P17 are quasi-bidirectional, and 
Test 1 is directly testable through program control. 
A simplified schematic of the quasi-bidirectional 
interface is shown in Figure 5. This configuration 
allows buffered outputs, and also allows external 
input. When writing a "0" or low value to these ports, 
the large pulldown device sinks an external TTL 
load. When writing a "1", a large current is supplied 
through the large pullup device to allow a fast data 
transfer. After a short time (less than one instruction 
cycle), the large device is shut off and the small 
pullup maintains the "1 " level indefinitely. However, 
in this situation, an input device capable of overriding 
the small amount of sustaining current supplied by 
the pullup device can be read. (Alternatively, the 
data written can be read). So, by writing a "1 " to any 
particular pin, that pin can serve either as a true 
high-level latched output pin, or just as a pullup 
resistor on an input. This allows maximum user 
flexibility in selecting his input or latched output 
pins, with a minimum of external components. 

Port 00-07 is also quasi-bidirectional, except there 
is no large pullup device. As outputs, this port is 
essentially open drain. 

By mask option the small pullup devices on P00-P07 
may be deleted on any pin providing a true open 
drain output. This is useful in driving analog circuits 
and certain loads, such as keyboards. 

Also available is the 8243 I/O expander chip, which 
provides additional I/O capability with a limited 
number of overhead pins. This chip has 4 directly 
addressable 4-bit ports. It connects to the PROG 
pin, which provides a clock, and pins P20-P23, 
which provide address and data. These ports can be 
written with a MOVD P,A; ANLD P,A; and ORLD P,A 
for Ports 4-7. A high to low transition on PROG 



signifies that address and control are available on 
P20-P23. The previous data on P20-P23 before an 
output expander instruction is lost. Therefore, when 
using an output expander P20-P23 are not useful for 
general input/output. Reading is via the MOVD A,P. 
This circuit configuration is shown in Figure 6. 
The Test 1 pin has a special bias input that allows 
zero-crossover sensing of slowing moving inputs. 
This is especially useful in SCR control of 60 Hz 
power and in developing time of day routines. As a 
ROM mask option there is a pullup resistor that is 
useful for switch contact or input or standard TTL. 
See Figure 7. 




INPUT BUFFER 



Figure 5. Quasi-Bidirectional Port Structure 




Figure 6. I/O Expander Interface 



(a) ZERO CROSS DETECT 



EXTERNAL 
CAPACITOR 




(b) OPTIONAL PULLUP RESISTOR 



EXTERNAL , 
SWITCH _l_ 




Figure 7. Test 1 Pin 
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CPU 

The 8021 CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logical instructions 
may be exercised, which affect the contents of the 
accumulator, and/or direct or indirect scratchpad loca- 
tions. Provisions have been made for simplified BCD 
arithmetic capability through the use of the DA A, 
SWAP A, and XCHD instructions. In addition, MOVP 
A, @A allows table lookup for display formatting 
and constants. Jump conditions such as zero, not 
zero refer to the accumulator contents at the time of 
the condition. 

8021 Testing and Debug 

To facilitate testing and debug, certain test modes 
may be activated in the 8021 by raising combinations 
of RESET, TEST 1 and PROG to 15 volts. Internal 
ROM is dumped out sequentially for verification. 
External memory operation is used for CPU checkout. 
Reset Prog Tettl Case Function 



5V 
0V 
15V 



X 
X 

15V 



0V 15V 



15V 



Power On Clear 
Normal Operation 

Mode 1b On every TEST 1 rising 
edge the program counter 
increments, dumps inter- 
nal ROM to Port 0. 

Mode 2 Chip will operate from 
external memory (one 
page) via Port 0. ALE 
strobes Address out, 
memory in. 

Mode 3 Chip accepts op codes 
into Port 1. Allows PortO 
and 8243 testing. 



X = Normal mode -between 0V and Vqc 

Differences Between the 8021 and 8048 

Although the 8021 is basically an electrical and 
functional subset of the 8748, there are some differences: 

1. Pin Out— As the 8021 is a 28-pin DIP, some form 
of adapter must be used to interface the 8021 
socket to ICE-49. An emulation board, EM-1 , has 
been designed to perform this function. The 
EM-1 also accounts for the increased flexibility 
of some 8021 I/O lines. 

2. Instruction Time— The 8021 instruction cycle is 
30 clock cycles long, the 8078 instruction cycle is 



15 clocks long. Where exact timing is important 
the 8048 breadboard part should be operated ai 
half the 8021 clock rate. 

3. Test 1 — To facilitate developing time of day rou- 
tines from 60 Hz, and for SCR control, the Test 1 
pin without the pullup resistor option will detect 
zero crossing of a capacitively coupled AC input. 

4. Quasi-Bidirectional Ports— All 8021 ports are 
quasi-bidirectional to facilitate stand-alone use. 
Port has open drain outputs and by mask 
option it may or may not have pullup resistors. 

5. Oscillator— The 8021 has on-chip oscillator that 
is optimized for the single inductor mode. Ex- 
ternal connection will differ from the 8748. 

6. Timer/Counter— 1 . If prescaler overflow occurs 
during a "STRT T" or "STOP TCNT" instruction, 
the 8048 will increment the timer, while 8021 will 
not. 2. The 8021 sets the timer flag in the same 
cycle as the overflow. The 8048 waits one cycle. 
Therefore the 8021 can do a JTF one cycle earlier 
(prescaler = 0) than the 8048 (prescaler = 1). 
3. The 8748 doesn't increment its timer in the 
second cycle of a 2-cycle instruction; the 8021 
does. 

7. High Current Outputs— Very high current drive 
is desirable for minimizing external parts re- 
quired to do high power control. P10 and P11 
have been designated high drive outputs capable 
of sinking 7 mA at Vss + 2.5 volts. (For clarity, this 
is 7 mA to Vss with a 2.5 volt drop across the 
buffer.) These pins may, of course, be paralleled 
for 14 mA drive if the output logic states are 
always the same. 

8. Reset— Reset has been modified on the 8021. 
On the 8021 , reset is active high; on the 8748,active 
low. Also, the 8021 does not reset the timer flag, 
while the 8048 does. 

9. Instruction Set— The* following instructions, 
which are found in the 8048, have been deleted 
from the 8021 instruction set. 



Data Moves 


Registers 


Branch 


Timer 


Control 


Input/Output 


MOV A.PSW 
MOV PSW.A 
MOVX A,@R 
MOVX @R,A 
MOVP3 A,@A 


DEC R 


JT0 

JNTO 

JF0 

JF1 

JN1 

JBb 


addr 
addr 
addr 
addr 
addr 
addr 


EN TCNTI 
DIS TCNTI 


EN I 
DIS I 
SEL RB0 
SEL RB1 
SEL MB0 
SEL MB1 
ENT0 CLK 


ANL P,#data 
ORL P,#data 
INS A.BUS* 
OUTL BUS.A* 
ANL BUS,#data 
ORL BUS,#data 


Flags 


CLR F0 
CPL F0 
CLR F1 
CPL F1 


Subroutine 


RETR 



•These Instructions have been replaced in the 8021 by IN A.PO 
and OUTL PO.A respectively. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin with 
Respect to Ground -0.5V to +7V 

Power Dissipation 1 W 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS t a = o°c to 70°c, Vcc = 5.5V ± iv, Vss = ov 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




VIH 


Input High Voltage (All except 
XTAL 1 & 2, T1 RESET) 


3.0 




vcc 


V 




VIH1 


Input High Voltage (XTAL 1 & 2, 
T1 RESET) 


3.8 




vcc 


V 




V|Hdo%) 


Input high voltage (All except XTAL 
1 &2, T1.RESET) 


2.0 




vcc 


V 


VCC = 5.0V ±10% 


V|H1oo%) 


Input high voltage (XTAL 1 & 2, 
T1, RESET) 


3.5 




vcc 


V 


VCC = 5.0V ±10% 


VOL 


Output Low Voltage 






0.45 


V 


lOL = 1.6 mA 


VOL1 


Output Low Voltage (P10, P11) 






2.5 


V 


IOL = 7 mA 


VOH 


Output High Voltage 
(All unless Open Drain) 


2.4 






V 


IOH = 40 mA 


ILO 


Output Leakage Current 
(Open Drain Option— -Port 0) 






±10 


MA 


VSS+0.45<V|N^VCC 


ICC 


VCC Supply Current 




40 


75 


mA 





T1 ZERO CROSS CHARACTERISTICS t a = o°c to 70°c, Vcc = 5.5V ± 1 v, vss = ov, cl = 80pF 



Symboi 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


vzx 


Zero-Cross Detection Input (T1) 


1 


3 


VPP 


AC Coupled, C =.2/uF 


AZX 


Zero-Cross Accuracy 




±135 


mV 


60 Hz Sine Wave 


FZX 


Zero-Cross Detection Input Frequency (T1) 


0.05 


1 


kHZ 
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A.C. CHARACTERISTICS t a = o°c to 70°c, v C c = 5.5V ± i v, vss = ov 

Test Conditions: Cl = 80 pF, tQY = 8-38 /us 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCY 


Cycle Time 


8.38 


50.0 


MS 


3.58 MHx XTAL 


tPRL 


ALE to Time P ± Input Must Be Valid (input setup) 




4.0 


MS 




Normal tpL 


Output Data Setup Time 


0.6 




MS 




Operation tLP 


Output Data Hold Time 


0.6 




MS 




tPFL 


Input Data Hold Time 







MS 




tLL 


ALE Pulse Width 


0.8 




MS 




tR 


Reset High 


3 




tCY 




RXTAL 


Resistor Across XTAL 


.5 


1 






tCP 


Port Control Hold Setup Before Falling Edge 
of PROG 


0.3 




MS 




tcp 


Port Control Setup After Falling Edge of PROG 


0.8 




MS 




Expander tpR 


PROG to Time P ± Input Must Be Valid 


2.0 


4.0 


MS 




Operation top 


Output Data Setup Time 


1.0 




MS 




tpo 


Output Data Hold Time 


0.6 




MS 




tPF 


Input Data Hold Time 





.15 


MS 




tpp 


PROG Pulse Width 


6.0 




MS 





Port 2 Timing 



-H'll|— 
«r/"\ 






NORMAL OPERATION 










Y DATA y 




... r\ 

PORT 










/ 


DATA V/ 




INPUT ■" 




J 


DATA 

! PFL-»J 
EXPANDE 


* 


R OPERATION 




r 
ale r\ 




1 








PORT 
CONTROL 


1 


\m 




H 


tpp <»»| 








y x 


X DATA X 
1 ^*PD|*- 


ale r\ 

PROG 






tcp ^fr cK _ 


/ 




H 'dp h 








PORT 
CONTROL 


/ 












i > — < 


DATA Y 


*cp-H 




tp F -^j[-^ 
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8021 L 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

LOW POWER 10mA 



8-Bit CPU, ROM, RAM, I/O in Single 
28-Pin Package 

Single 5V Supply (4.5V to 8V) 

8.38 usee Cycle With 3.58 MHz XTAL; 
All instructions 1 or 2 Cycles 



1Kx8ROM 
64x8 RAM 
21 I/O Lines 

Interval Timer/Event Counter 

Clock Generated With Single Inductor 
or Crystal 



Instructions— 8048 Subset 



Zero-Cross Detection Capability 



High Current Drive Capability— 2 Pins 



Easily Expandable I/O 



The Intel® 8021 L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel's N-channel silicon gate MOS process. The features of the 8021 L include a subset of the 8048 optimized 
for low cost, high volume applications, plus additional I/O flexibility and power. 

The 8021 L contains 1K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event 
counter, in addition to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 
8021 L can be expanded using the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 L has 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions and no instructions over 
two bytes in length. 

To minimize the development problems and maximize flexibility, an 8021 L system can be easily designed using 
the 8021 L emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 
8748 shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021 L's 
additional I/O features is included. 



1024WORDS 
PROGRAM 
MEMORY 



64 WORDS 

DATA 
MEMORY 



8-BIT 
CPU 



V 



^2: 



RESET- 
TEST- 



8-BIT 

TIMER/ 

EVENT COUNTER 






ADDRESS 
- LATCH 
ENABLE 



PORT 

-*► EXPANDER 

STROBE 



PROG 
POO 



VSS C 14 



P03 C 7 8021 22 



T1 C 13 



VCC 

3 P21 

3 P20 

1 P17 

~J P16 

3 P15 

3 P14 

3 P13 

3 P12 

3 P11 

3 P10 

3 RESET 

3 XTAL 2 

3 XTAL 1 



Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbo! 



Figure 3. Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65° C to +150°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS ta = o°c to 70°c, vcc = 5.5V ± iv, vss = ov 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




VIH 


Input High Voltage (All except 
XTAL 1 & 2, T1 RESET) 


3.0 




vcc 


V 




V|H1 


Input High Voltage (XTAL 1 & 2, 
T1 RESET) 


3.8 




vcc 


V 




V|H<io°/o> 


Input high voltage (All except 
1 &2, T1, RESET) 


2.0 




vcc 


V 


VCC =5.0V± 10% 


V|H1do%) 


Input high voltage (XTAL 1 & 2, 
T1, RESET) 


3.5 




vcc 


V 


VCC = 5.0V ±10% 


VOL 


Output Low Voltage 






0.45 


V 


IOL + 1.6 mA 


VOL1 


Output Low Voltage (P10, P11) 






2.5 


V 


IOL =7 mA 


VOH 


Output High Voltage 
(All unless Open Drain) 


2.4 






V 


IOH =40 mA 


ILO 


Output Leakage Current 
(Open Drain Option — Port 0) 






±10 


MA 


VSS+0.4'5^V|N<VCC 


ICC 


VCC Supply Current 




40 


75 


mA 





T1 ZERO CROSS CHARACTERISTICS t a = o°c to 70°c, v C c = 5.5V ± 1 v, v S s = ov, c L = 80 pF 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


vzx 


Zero-Cross Detection Input (T1) 


1 


3 


VPP 


AC Coupled, C =.2/uF 


AZX 


Zero-Cross Accuracy 




±135 


mV 


60 Hz Sine Wave 


FZX 


Zero-Cross Detection Input 
Frequency (T1) 


0.05 


1 


kHZ 




tCY 


Cycle Time 


8.38 


50.0 




3.58 MHz XTAL = 
8.38 jus tCY 
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SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 



8-Bit CPU, ROM, RAM, I/O in Single 40-Pin 
Package 

On-Chip 8-Bit A/D Converter; Two Input 
Channels 

8 Comparator Inputs (Port 0) 

Zero-Cross Detection Capability 

Single 5V Supply (4.5V to 6.5V) 

High Current Drive Capability — 2 Pins 

Two Interrupts — External and Timer 



2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 

8.38 /usee Cycle; All Instructions 1 or 2 
Cycles 

Instructions — 8048 Subset 

Interval Timer/Event Counter 

Clock Generated with Single Inductor or 
Crystal 

Easily Expanded I/O 



The Intel® 8022 is the newest member of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on- 
chip, such as A/D conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines, 
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili- 
ty. In addition, it contains the 8-bit interval timer/ event counter, on-board oscillator and clock circuitry, single 5V 
power supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced via the 8022's hardware implementation of the A/D 



2048 WORDS 
PROGRAM 
MEMORY 



TV 



64 WORDS 

DATA 
MEMORY 



7\ 



1Z 



8-BIT 

TIMER/EVENT 

COUNTER 



<z 



iz 



TWO CHANNEL 

8-BIT A/D 

CONVERTER 









CO 


8022 


CO 




CO 




— - 



PORTO 

THRESHOLD 

REFERENCE 



ADDRESS 

LATCH 

ENABLE 



PORT 

EXPANDER 

STROBE 



P26 C ' 

P27 C 2 

AV CC C 3 

Varef C 4 

AN1 C 5 

ANO C 6 

AVss C 7 

TOC 8 

Vth C 9 

poo C 10 

poi C 11 

P02 C 12 

P03 C 13 

P04 C H 

P05 C 15 

P06 C 16 

P07 C 17 

ALE C 18 

T1 C 19 

VssC 20 



40 D V CC 
39 3 P25 
38 3 P24 
37 3 PROG 
36 D P23 
35 3 P22 
34 3 P21 
33 3 P20 
32 3 P17 
31 3 P16 
30 3 P15 
29 3 P14 
28 3 P13 
27 3 P12 
26 3 P11 
25 3 P10 
24 3 RESET 
23 3 XTAL 2 
22 3 XTAL 1 
21 3 SUBST 



Figure 1. 
Block Diagram 



A/D 
Vcc 



A/D SUBSTRATE 
Vss 



Figure 2. 
Logic Symbol 



Figure 3. Pin 
Configuration 
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Table 1. Pin Description 



Desig- 


Pin 




nation 


No. 


Function 


vss 


20 


Circuit GND potential. 


vcc 


40 


+ 5V circuit power supply. 


PROG 


37 


Output strobe for Intel® 8243 
I/O expander. 


P00-P07 


10-17 


8-bit open-drain port with com- 


PortO 




parator inputs. The switching 
threshold is set externally by 
VTH- Optional pull-up resistors 
may be added via ROM mask 
selection. 


VTH 


9 


Port threshold reference pin. 


P10-P17 


25-32 


8-bit quasi-bidirectional port. 


Portl 






P20-P27 


33-36 


8-bit quasi-bidirectional port. 


Port 2 


38-39 


P20-23 also serve as a 4-bit I/O 




1-2 


expander for Intel® 8243. 


TO 


8 


Interrupt input and input pin 
testable using the conditional 
transfer instructions JTO and 
JNTO. Initiates an interrupt fol- 
lowing a low level input if inter- 
rupt is enabled. Interrupt is 
disabled after a reset. 


T1 


19 


Input pin testable using the JT1 
and JNT1 conditional transfer 
instructions. Can be designated 
the timer/event counter input 
using the STRT CNT instruction. 
Also serves as the zero-cross 
detection input to allow zero- 
crossover sensing of slowly mov- 
ing AC inputs. Optional pull-up 
resistor may be added via ROM 
mask selection. 



Desig- 


Pin 




nation 


No. 


Function 


RESET 


24 


Input used to initialize the pro- 
cessor by clearing status flip- 
flops and setting the program 
counter to zero. 


AVSS 


7 


A/D converter GND Potential. 
Also establishes the lower limit of 
the conversion range. 


AVCC 


3 


A/D + 5V power supply. 


SUBST 


21 


Substrate pin used with a bypass 
capacitor to stabilize the sub- 
strate voltage and improve A/D 
accuracy. 


VAREF 


4 


A/D converter reference voltage. 
Establishes the upper limit of the 
conversion range. 


ANO, AN1 


6,5 


Analog inputs to A/D converter. 
Software selectable on-chip via 
SEL ANO and SEL AN1 instruc- 
tions. 


ALE 


18 


Address Latch Enable. Signal 
occurring once every 30 input 
clocks (once every cycle), used 
as an output clock. 


XTAL1 


22 


One side of crystal or inductor 
input for internal oscillator. Also 
input for external frequency 
source. (Not TTL compatible.) 


XTAL2 


23 


Other side of timing control ele- 
ment. This pin is not connected 
when an external frequency 
source is used. 



100pF 
SILVER MICA' 



I~T 



OJ^O — IH 



VAREF 
AV CC 



SUBST 
ANO 
AN1 
XTAL1 



P23 
P24 



|37 1 8 



14 -PORTO 



[INPUT "I 
AND 
outputJ 



[INPUT "1 
AND 
outputJ 



[INPUT T 
AND 
OUTPUTJ 



Figure 3.The Stand Alone 8022 
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FUNCTIONAL DESCRIPTION 
Program Memory 

The 8022 program memory consists of 2048 words 8 
bits wide which are addressed by the program coun- 
ter. The memory is ROM which is mask program- 
mable at the factory. No external ROM expansion 
capability is provided. There are three locations in 
program memory of special importance. 

Location 0: Activating the RESET line of the pro- 
cessor causes the first instruction to 
be fetched from location 0. 

Location 3: Activating the interrupt input line of 
the processor (if interrupt is enabled) 
causes a jump to subroutine. 

Location 7: A timer/event counter interrupt 
resulting from a timer/counter over- 
flow causes a jump to subroutine (if 
timer/counter interrupt is enabled). 

Therefore, the first instruction to be executed after 
initialization is stored in location 0, the first word of 
an external interrupt service routine is stored in 
location 3, and the first word of a timer/event coun- 
ter interrupt service routine is stored in location 7. 







LOCATION 7-TIMER/COUNTER INTERRUPT 
VECTORS PROGRAM HERE 

LOCATION 3 — EXTERNAL INTERRUPT 

VECTORS PROGRAM HERE 

RESET VECTORS PROGRAM HERE 
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Program Memory Map 

Program memory can be used to store constants as 
well as program instructions. The MOVP instruction 
allows easy table lookup for constants and display 
formatting. 

Data Memory 

On-chip data memory is organized as 64 .words 
eight bits wide. All locations are indirectly addres- 
sable and eight designated locations are directly 
addressable. Also included in the data memory is 
the program counter stack, addressed by a 3-bit 
stack pointer. 

The first eight locations (0-7) of the array are desig- 
nated as working registers and are directly addressa- 
ble by any of the 11 direct register instructions. 
These locations are readily accessible foravariety 
of operations with a minimum number of instruction 
bytes required for their manipulation. Thus, they are 



usually used to store frequently accessed interme- 
diate results. The DJNZ instruction makes very effi- 
cient use of the working registers as program loop 
counters by allowing the programmer to decrement 
and test the register in a single instruction. 

Registers and 1 have yet another function in that 
they can be used to indirectly address all locations 
in the data memory using the indirect register 
instructions. These two RAM pointer registers are 
especially useful for repetitive type operations on 
adjacent memory locations. The indirect register 
instruction specifies which pointer register to use 
and the content of the pointer register is used to 
address a location in RAM. The contents of the 
addressed location are used during the execution of 
the instruction and may be modified. The pointer 
registers may also point to registers 0-7, if desired. 

Locations 8-23 serve a dual role in that they contain 
the 8-level program counter stack, two RAM loca- 
tions per level. The program counter stack enables 
the processor to keep track of the return addresses 
generated by interrupts or CALL instructions by 
storing the contents of the program counter prior to 
servicing the subroutine. A 3-bit stack pointer 
determines which of the program counter stack's 
eight register pairs will be loaded with the next 
return address generated. The stack pointer, when 
initialized to 000 by RESET, points to RAM locations 
8 and 9. The first subroutine jump or interrupt 
results in the program counter contents being trans- 
ferred to locations 8 and 9. The stack pointer is then 
incremented by one and points to locations 10 and 
11 in anticipation of another CALL. The end of a 
subroutine, which is signaled by a return instruction 
(RET or RETI), causes the stack pointer to be 
decremented and the contents of the resulting reg- 
ister pair to be transferred to the program counter. 

Since the program counter's addresses are 11 bits 
long, two bytes or registers must be used to store a 
single address. Thus, the 16-byte program counter 
stack permits up to a total of 8 levels of subroutine 
nesting without overflowing the stack. If overflow 
does occur, the deepest address stored (locations 8 
and 9) will be overwritten and lost since the stack 
pointer overflows from 1 1 1 to 000. It also underflows 
from 000 to 1 1 1 . If a particular application does not 
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require 8 levels of nesting, the unused portion of the 
program counter stack may be used as any other 
indirectly addressable RAM location. For example, 
if only 3 levels of subroutine nesting are used, then 
only locations 8-13 need be reserved for the pro- 
gram counter stack, and locations 14-23 can be 
used for data storage. 

Input/Output 

The 8022 has 26 lines which can be used for digital 
input or output functions. These lines are organized 
as 3 ports of 8 lines, each of which serve as either 
inputs, outputs, or bidirectional ports, and 2 test 
inputs which can alter program sequences when 
tested by conditional jump instructions. 



TTL high level, yet can be pulled low by a standard 
TTL gate, thus allowing the same pin to be used 
both as an input and output. When writing a "0" or 
low value to these ports, a low impedance device 
(~300n)overcomes the high pullup and provides 
TTL current sinking capability. When writing a "1 ", a 
large current is momentarily supplied through a rel- 
atively low impedance device (~5kH) to allow a fast 
data transfer. After a short time (less than one 
instruction cycle) the low impedance device is shut 
off and the small pullup maintains the "1 " level indef- 
initely. In this situation, an input device capable of 
overriding the small amount of sustaining current 
supplied by the pullup device can be read. (Alterna- 
tively, the data written can be read.) So, by writing a 



INTERNAL 
BUS 



WRITE . 
PULSE 



FLIP- 
FLOP 




[^300,C 




I O PIN 
PORTS 1 
AND 2 



Quasi-Bidirectional Port Structure 



Ports 1 and 2 have identical operating characteris- 
tics and are both quasi-bidirectional. That is, each 
line may serve as an input, an output, or both. Data 
written to these ports is statically latched and 
remains unchanged until rewritten. As inputs, these 
lines are non-latching; i.e., inputs must be present 
until read by an input instruction. Inputs are fully 
TTL compatible and all outputs will drive at least 
one standard TTL load. Two lines of port 1 (P10 and 
P1 1 ) are designated as high current drive lines and 
have the ability to sink 7 mA. In addition, these pins 
may be paralleled for 14 mA output if the output 
logic states are always the same. The high current 
output lines eliminate the need for discrete transis- 
tors in many applications. 

The lines of ports 1 and 2 are quasi-bidirectional 
because of their output structure which allows them 
to be used as inputs, outputs, or both, even though 
as outputs they are statically latched. 

Each line is continuously pulled up to +5V through a 
relatively high impedance device (~50 kO). This pull- 
up is sufficient to provide the source current for a 



"1 " to any particular pin that pin can service either as 
a true high-level latched output pin, or as just a 
pullup resistor on an input. This allows maximum 
user flexibility in selecting his input or latched out- 
put lines, with a minimum of external components. 

Port Comparator Inputs 

Port has been modified from the standard quasi- 
bidirectional structure to allow an optional open 
drain configuration with comparator inputs. The 
low impedance pullup device has been eliminated 
and the high impedance pullup is optional. Thus, 
the user can choose via a mask programmable 
selection each line of port to be either quasi- 
bidirectional with a high impedance or true open- 
drain. The open drain configuration allows the line 
to sink current through the low impedance pull- 
down device or to float in the high output state. 
More importantly, the open drain configuration 
makes port very easy to drive when it is used as 
inputs. The input circuitry for each line of port 
includes a voltage comparator which amplifies the 
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Port 1/0 Structure 



voltage difference between the input port line and 
the port threshold reference pin (Vjh)- The vol- 
tage gain of the comparator is sufficient to sense a 
100 mV input differential within the range V$S to 
Vcc/2. 

If Vjh is allowed to float, it will bias itself to the 
digital switch point of the other ports, and port 
behaves as a set of normal digital inputs. However, 
by biasing Vjh. the switch point can be both tightly 
controlled and adjusted. Common uses for this 
would include high noise margin inputs (Vcc/2), 
unusual logic level inputs as from a diode isolated 
keyboard, analog channel expansion, and direct 
capacitive touchpanel interface. The comparator 
action is automatic and the port is read just as any 
other port. 




I/O Expander Interface 

In addition to the 26 digital I/O lines contained on- 
board the 8022, a user can obtain additional I/O 
lines by utilizing the Intel® 8243 I/O expander chip 
or standard TTL. The 8243 interfaces to 4 port lines 
of the 8022 (lower half of port 2) and is strobed by 
the PROG line of the 8022. 

The 8243 contains four 4-bit I/O ports which serve 
as extensions of the on-chip I/O and are addressed 
as ports 4-7. The following operations may be per- 
formed on these ports: 



1. Transfer Accumulator to Port 

2. Transfer Port to Accumulator 

3. And Accumulator to Port 

4. Or Accumulator to Port 

A 4-bit transfer from a port to the lower half of the 
accumulator sets the most significant four bits to 
zero. Each transfer consists of two 4-bit nibbles. The 
first contains the "opcodes" and port address, and 
the second contains the actual 4 bits of data. A 
high-to-low transition of the PROG line indicates 
that address is present while a low-to-high transi- 
tion indicates the presence of data. 

TEST AND INTERRUPT INPUTS 

In addition to the 24 genera, purpose I/O lines which 
comprise ports 0, 1, and 2, the 8022 has two inputs 
which are testable via conditional jump instructions, 
TO and T1. These pins allow inputs to cause pro- 
gram branches without the necessity to load an 
input port into the accumulator. TO and T1 have 
other functions as well. 

The Test pin serves as an external interrupt input 
as well as a testable input. An interrupt sequence is 
initiated by applying a low "0" level input to the TO 
pin when external interrupt is enabled. Interrupt is 
level triggered and active low to allow "WIRE ORING" 
of several interrupt sources at the input pin. When 
an interrupt is detected, it causes a "jump to subrou- 
tine" at location 3 in program memory as soon as all 
other cycles of the current instruction are complete. 
At this time, the program counter contents are saved 
in the program counter stack, but the remaining 
status of the processor is not. Unlike the 8048, the 
8022 does not contain a program status word. Thus, 
when appropriate, the carry and auxiliary carry flags 
are saved in software, as the accumulator is. The 
routine shown below saves the accumulator and the 
carry flags in only four bytes. 

Instructions Bytes Comments 



MOV R6.A 
CLRA 



; save accumulator 
;clear accumulator 
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Instructions Bytes Comments 

DA A 1 ;convert carry flags into sixes 

MOV R7,A 1 ;save status of carry flags 

The end of an interrupt service subroutine is marked 
by the execution of a Return from Interrupt instruc- 
tion (RETI). Prior to returning from the interrupt 
subroutine however, the status of the accumulator 
and the carry flags are restored in software. The 
following routine restores the status of the accumu- 
lator and carry flags, which was previously saved, in 
five bytes. 

Instructions Bytes Comments 

MOV A,R7 1 ;restore carry flags status to 

Add A,#0AAH 2 ;accumulator and set/clear 

carry flags 
MOV A,R6 1 ;restore accumulator 

RETI 1 ;return 

The interrupt system is single level in that once an 
interrupt is detected, all further interrupt requests 
are ignored until execution of a RETI re-enables the 
interrupt input logic. This sequence holds true also 
for an internal interrupt generated by timer over- 
flow. If an external interrupt and an internal timer/ 
counter generated interrupt are detected at the 
same time, the external source will be recognized. If 
needed, a second internal interrupt can be created 
by enabling the timer/counter interrupt, loading 
FFH in the counter (one less than terminal count) 
and enabling the event counter mode. A low-to-high 
transition on the T1 input will then cause an interrupt 
vector to location 7. 

The Test 1 pin, in addition to being a testable input, 
serves two other important functions. It can be used 
as an input pin to the external event counter, as 
previously mentioned, and it can be used to detect 
the zero crossing point of slow moving AC signals. 
Execution of the STRT CNT instruction puts the T1 
pin in the counter input mode by connecting T1 to 
the counter and enabling the counter. Subsequent 
low-to-high transitions on T1 will cause the counter 
to increment. Note that this operation differs from 
the rest of the MCS-48 devices, which increment the 
counter on high-to-low transitions. This change 
was made on the 8022 to take advantage of the 
accuracy of the rising edge detection on the zero 
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Zero-Cross Detection 



cross circuitry. The maximum rate at which the 
counter may be incremented is once per three 
instruction cycles (every 30 ms when using a 3 MHz 
crystal) —there is no minimum frequency. 

In addition to serving as a testable input and as the 
counter input, the T1 pin has special circuitry to 
detect when an AC signal crosses its average DC 
level. When driven directly, this pin responds as a 
normal digital input. To utilize the zero cross detec- 
tion mode, an AC signal of approximately 1-3 VAC 
p-p magnitude and a maximum frequency of 1 kHz 
is coupled through an external capacitor (1 /jlF) to 
theT1 pin. 

The internal digital state is sensed as a zero until the 
rising edge crosses the DC average level, when it 
becomes a one. This is accomplished by the self- 
biasing high gain amplifier which is included in the 
T1 input. This circuit biases the T1 input exactly at 
its switching point, such that a small change will 
cause a digital transition to occur. This digital tran- 
sition takes place within 135mV of the zero point. 
The digital value of T1 remainsa one until the falling 
edge of the AC input drops approximately 100 mV 
below the switching point of the rising edge (1 00 mV 
below the zero point, if the digital transition occurred 
exactly at the zero point). The 100 mV offset is 
created by hysterisis and eliminates chattering of 
internal signal caused by external noise. 

The zero cross detection capability allows the user 
to make the 60 Hz power signal the basis for this 
system timing. All timing routines, including time- 
of-day, can be implemented using the zero cross 
detection capability of T1 and its conditional jump 
instructions. In addition, the zero cross detection 
feature can be used in conjuction with the timer 
interrupt to interrupt processing at the zero voltage 
point. This enables the user to control voltage phase 
sensitive devices such as triacs and SCRs, and to 
use the 8022 in applications such as shaft speed and 
angle measurement. 

Analog To Digital Converter 

The 8022 contains on-chip a complete hardware 
implementation of an 8-bit analog to digital (A/D) 
converter with two multiplexed analog inputs. The 
A/D converter utilizes a successive approximation 
technique to provide an updated conversion once 
every four instruction cycles (i.e., once every 40 ms) 
with a minimum of required software. 

The A/D converter consists of four main parts, the 
input circuitry, a series string of resistors, a voltage 
comparator, and the successive approximation logic. 
The two analog inputs are multiplexed on-chip and 
selected via software by the SEL AN0 and SEL AN1 
instructions. Besides selecting one of the analog 
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inputs, these instructions restart the conversion 
sequence which operates continuously. Restarting 
a conversion sequence deletes the conversion in 
progress but does not affect the result of the pre- 
vious conversion which is stored in the conversion 
result register. The continuous operation of the A/D 
converter saves program space and time by allow- 
ing the user to obtain multiple readings from a given 
input with only one select instruction. To obtain a 
valid conversion reading, the user must provide the 
analog input signal no later than the beginning of 
the select instruction cycle. The analog input is then 
sampled by the A/D converter and maintained 
internally. This voltage becomes one input to the 
voltage comparator which amplifies the difference 
between the analog input and the voltage tap on the 
series resistor string. 

The series resistor string is connected between the 
A/D reference pin (Varef) and ground (AVss)- It is 
comprised of 256 identical resistors which divide 
the voltage between these two pins into 256 identi- 
cal voltage steps. This configuration gives the con- 
verter its inherent monotonicity. The range of Varef 
in which full 8-bit resolution can be provided is 
between Vcc/2 and V CC- 

Thus, the user is given a minimum voltage range 
from ground to Vcc /2 and a maximum range from 
ground to Vcc over which 8-bit resolution is insured. 

The voltage tap on the series resistor string is 
selected by the resistor ladder decoder. This de- 
coder is driven by the 8-bit successive approxima- 
tion register (SAR). Each bit of the SAR is set in 
succession MSB to LSB and a voltage comparison 
between the selected resistor ladder voltage and the 
analog input voltage is performed after the setting of 
each bit. The result of each comparison determines 
whether the particular bit will remain set or be reset. 
All comparisons are performed automatically by the 
on-chip A/D hardware. At the end of 8 comparisons 
the SAR contains a valid digital result which is then 
latched into the conversion result register (CRR). 
The RAD instruction (read A/D) loads the conver- 
sion result from the CRR to the accumulator of the 
8022. 



As mentioned previously, the software and time 
required to perform an A/D conversion is optimized 
by the 8022's on-chip A/D converter configuration. 
Typical software for reading two sequential A/D 
conversions and storing them in data memory is 
shown below: 



First 


SELANO 


;Start conversion of ANO 
input 


Conversion 


MOV R0,#24 


;Set up memory pointer 


50 /xs 


RAD 


;First conversion value to 
accumulator 


4 bytes 






Second 


MOV @ R0,A 


;Store first conversion value 


Conversion 


INCRO 


increment memory 
location 


40 us 


RAD 


;Second conversion value 
to accumulator 



Note that the second conversion occurs without a 
second select instruction being used. Rather, the 
continuous operation of the A/D converter provides 
an updated digital value 4 instruction cycles after 
the first. 
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To insure maximum accuracy from the A/D conver- 
ter, separate power supply pins (AVcc and AVss) 
and a substrate pin (SUBST) have been provided. 
Supplying the power supply pins with a well filtered 
and regulated voltage supply minimizes the effect of 
power supply variance and system noise. The sub- 
strate pin should be bypassed to ground through 
both a 1 /xF capacitor and a silver mica 100pF 
capacitor. 

Oscillator and Clock 

The 8022 contains its own on-board oscillator and 
clock circuit, requiring only an external timing 
control element. This control element can be a 
crystal, inductor, or clock in. The capacitor normally 
required in inductor timing control operation is 
integrated onto the 8022. All internal time slots are 
derived from the external element, and all outputs 
are a function of the oscillator frequency. Pins X1 
and X2 are used to input the particular control 
element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. 
Therefore, to obtain a 10 us instruction cycle, a 3 
MHz crystal should be used. 

Timer/Counter 

An interval timer/counter is available to enable the 
user to keep track of time elapsed or number of 
events occurred, during normal program execution 
and flow. 

By a MOV T,A instruction, the contents of the 
accumulator are loaded to the timer. At the STRT T 
command an internal prescaler is zeroed and 
thereafter increments once each 30 input clocks 
(once each single cycle instruction, twice each 
double cycle instruction). The prescaler is divided 
by 32. At the (1 1 1 1 1 ) to (00000) transition the timer 
is incremented. The timer is 8 bits and an overflow 
(FFH) to (00H) timer flag is set along with the timer 
interrupt, if enabled. A conditional branch instruction 
( JTF) is available for testing this flag, the flag being 
reset each test. This instruction must also be used to 
initialize the timer overflow flag after a RESET 
instruction, as RESET does not perform thisf unction. 
Total count capacity for the ti mer is 28 x 25 = 81 92 or 
81 .9 ms at a 10 /us cycle time. Contents of the timer 
are moved to the accumulator by the MOV A,T 
instruction without disturbing the counting process. 



The timer may also be used as an event counter. 
After a STRT CNT command, the 8022 will respond 
to a low-to-high transition on the Test 1 pin by 
incrementing the timer. Transitions can occur no 
faster than once each three instruction cycles. 

The timer and event functions are exclusive. Count- 
ing or timing may be started or stopped (STOP 
TCNT)atwill. 

CPU 

The 8022 CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logic instructions 
may be exercised, which affect the contents of the 
accumulator, and/or direct or indirect scratchpad 
locations. Provisions have been made for simplified 
BCD arithmetic capability through the use of the 
DA-A, SWAP A. and XCHD instructions. In addition, 
MOVP A,@A allows table lookup for display 
formatting and constants. Jump conditions such as 
zero, no zero refer to the accumulator contents at 
the time of the condition. 

Reset 

The reset input provides a means for initialization 
for the processor. The 8022 has an internal pull 
down resistor which in combination with the ex- 
ternal 1 f capacitor, provides an internal reset pulse 
of sufficient length to guarantee all circuitry is reset. 
If the reset pulse is generated externally, the reset 
pin must be held above 3.8 volts for at least 11 
milliseconds after the power supply is within toler- 
ance during the initial power on. Only 1 instruction 
cycle is required if power is already on and the 
oscillator has stabilized. 



vcc 






1mF- 
10V " 




8022 






24 










RESET 










:50K 






?pullOUt 













Power On Reset 



AFN-00187A-12 



5-17 



iny 



8022 



PBilLDIMlDKIAKV 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0° C to 70° C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS t a = o°c to 70° 


C, Vcc = 


5.5V ±1V, Vss = 0V 




Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Mln. 


Typ. 


Max. 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 


VTH Floating 


VIH1 


Input Low Voltage (Port 0) 


-0.5 




VTH-0.1 


V 




VlH 


High Voltage 

(All except XTAL 1 , RESET) 


2.0 




vcc 


V 


VCC = 5.0V ±10% 
VTH Floating 


VIH1 


Input High Voltage 

(All except XTAL 1, RESET) 


3.0 




vcc 


V 


VCC = 5.5V ±1V 
VTH Floating 


V|H2 


Input High Voltage (Port 0) 


VTH+0.1 




vcc 


V 




V|H3 


Input High Voltage (RESET, XTAL 1) 


3.0 




vcc 


V 


VCC = 5.0V ±10% 


VTH 


Port Threshold Reference Voltage 







.4VCC 


V 




VOL 


Output Low Voltage 






0.45 


V 


I'OL = 1 .6 mA 


VOL1 


Output Low Voltage (P10, P11) 






2.5 


V 


IOL = 7mA 


VOH 


Output High Voltage (all unless 
Open Drain Option— Port 0) 


2.4 






V 


IOH = 50 mA 


ILI 


Input Current (T1) 






±200 


MA 


VCC^V|N^VSS+.45V 


ILO 


Output Leakage Current 
(Open Drain Option— Port 0) 






±10 


M 


VCC>V|N^VSS+0.45V 


ICC 


VCC Supply Current 




50 


100 


mA 





A.C. CHARACTERISTICS t a = o°c to 70°c, Vcc = 5.5V ± iv, Vss = ov 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCY 


Cycle Time 


8.38 


50.0 


MS 


3 MHz XTAL = 10 /xs tCY 


vzx 


Zero-Cross Detection Input (T1) 


1 


3 


VACpp 


AC Coupled 


AZX 


Zero-Cross Accuracy 




±135 


mV 


60 Hz Sine Wave 


FZX 


Zero-Cross Detection Input 
Frequency (T1 ) 


0.05 


1 


kHz 
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A.C. CHARACTERISTICS Ta = o°c to 70°c, vcc = s.sv ± w, v S s = ov 
Test Conditions: C|_=80 pF tcY=838 us 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Notes 


tcp 


Port Control Setup Before Falling Edge of PROG 


0.5 




MS 




tpc 


Port Control Hold After Falling Edge of PROG 


0.8 




MS 




Expander *PR 


PROG to Time P2 Input Must Be Valid 




1.0 


MS 




Operation tDp 


Output Data Setup Time 


7.0 




/US 




tpo 


Output Data Hold Time 


8.3 




JUS 




tpF 


Input Data Hold Time 





.150 


MS 




tpp 


PROG Pulse Width 


8.3 




MS 




tPRL 


ALE to Time P2 Input Must Be Valid 




3.6 


MS 




Normal tpi_ 


Output Data Setup Time 


0.8 




MS 




Operation . 


Output Data Hold Time 


1.6 




MS 




tPFL 


Input Data Hold Time 







MS 




tLL 


ALE Pulse Width 


3.9 


23.0 


MS 


tcY=8-38 M s for min 



Port 2 Timing 



-H 

ALE / \ 


f-«- *LL 




NORMAL OPERATION 
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A/D CONVERTER CHARACTERISTICS t a = o° c to 70°c, v cc = 5.5V ± 1 v, vss = ov, avqc = s.sv ± 1 v, 

AV S S • OV, AVqc/2 ^ V A REF < AVqc 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


Resolution 


8 






Bits 




Absolute Accuracy 






.8%FSR±V2LSB 


LSB 


(Notel) 


Sample Setup Before Falling Edge of ALE (tss) 




0.20 




tCY 




Sample Hold After Falling Edge of ALE (t S H) 




0.10 




tcY 




Input Capacitance (ANO, AN1) 




1 




PF 




Conversion Time 


4 




4 


tCY 





Analog Input Timing 









r 


ALE / 


-*— tss — ■» 


\ 




<• t S H 


ANALOG 
INPUT 


X 






X 









NOTE: 

1. The analog input must be maintained at a constant voltage during the sample time (t ss + t SH ). 
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Table 2. Instruction Set Summary 











Hexadecimal 


Mnemonic 


Description 


Bytes 


Cycle 


Opcode 


ADD A,R r 


Add register to A 




1 


68-6F 


ADD A,@R 


Add data memory to A 




1 


60-61 


ADD A,#data 


Add immediate to A 


2 


2 


03 


ADDC A,R r 


Add register with carry 




1 


78-7F 


ADDC A,@R 


Add data memory with 
carry 




1 


70-71 


ADDC A,#data 


Add immediate with 
carry 


2 


2 


13 


ANL A,R r 


And register to A 






58-5F 


ANL A,@R 


And data memory to A 






50-51 


ANL A,#data 


And immediate to A 


2 


2 


53 


ORL A,R r 


Or register to A 






48-4F 


ORL A,@ R 


Or data memory to A 






40-41 


_ ORL A,#data 


Or immediate to A 


2 


2 


43 


| XRLA,R r 


Exclusive Or register 






D8-DF 


3 

i XRL A,@ R 


to A 








Exclusive Or data 






D0-D1 


o 

< 


memory to A 








XRL A,#data 


Exclusive Or immediate 
to A 


2 


2 


D3 


INC A 


Increment A 






17 


DEC A 


Decrement A 






07 


CLR A 


Clear A 






27 


CPL A 


Complement A 






37 


DA A 


Decimal adjust A 






57 


SWAP A 


Swap nibbles of A 






47 


RL A 


Rotate A left 






E7 


RLC A 


Rotate A left through 
carry 






F7 


RR A 


Rotate A right 






77 


RRC A 


Rotate A right through 
carry 






67 


IN A, P p 


Input port to A 




2 


08,09,0A 


_ OUTLPp.A 


Output A to port 




2 


90,39,3A 


§. MOVD A,P p 


Input expander port 




2 


0C-0F 


3 

§ MOVD P p ,A 


to A 








Output A to expander 




2 


3C-3F 


a 


port 








- ANLD P p ,A 


And A to expander port 




2 


9C-9F 


ORLD P p ,A 


Or A to expander port 




2 


8C-8F 


• INC R r 


Increment register 




1 


18-1F 


•| INC@R 
cc 


Increment data memory 




1 


10-11 


JMP addr 


Jump unconditional 


2 


2 


04,24,44,64, 
84,A4,C4,E4 


JMPP@ A 


Jump indirect 


1 


2 


B3 


o DJNZ R.addr 


Decrement register and 


2 


2 


E8-EF 


« 


jump on R not zero 








00 JC addr 


Jump on carry= 1 


2 


2 


F6 


JNC addr 


Jump on carry=0 


2 


2 


E6 


JZ addr 


Jump on A zero 


2 


2 


C6 


JNZ addr 


Jump on A not zero 


2 


2 


96 









Hexadecimal 


Mnemonic 


Description Bytes 


Cycle 


Opcode 


JTOaddr 


Jump on T0= 1 2 


2 


36 


JNTOaddr 


Jump on T0=0 2 


2 


26 


JT1 addr 


Jump on T1 = 1 2 


2 


56 


JNT1 addr 


Jump on T1=0 2 


2 


46 


JTF addr 


Jump on timer flag 2 


2 


16 


a CALL addr 


Jump to subroutine 1 


2 


14,34,54,74 


o 






94,B4,D4,F4 


■§ RET 
en 


Return 1 


2 


83 


ft CLR C 


Clear carry 1 


1 


97 


g CPL C 


Complement carry 1 


1 


A7 


MOV A,R r 


Move register to A 1 


1 


F8-FF 


MOV A,@R 


Move data memory to A 1 


1 


F0-F1 


MOV A,#data 


Move immediate to A 2 


2 


23 


MOV R r ,A 


Move A to register 1 


1 


A8-AF 


MOV@ R,A 


Move A to data memory 1 


1 


A0-A1 


MOV R r ,#data 


Move immediate to 2 


2 


B8-BF 


</> 


register 






| MOV@R,#data 
ra 


Move immediate to 2 


2 


B0-B1 


data memory 






§ XCHA,R r 


Exchange A and 1 
register 


1 


28-2F 


XCH A,@ R 


Exchange A and data 1 
memory 


1 


20-21 


XCHD a,@ R 


Exchange nibble of A 1 
and register 


1 


30-31 


MOVP A,@A 


Move to A from current 1 
page 


2 


A3 


• MOV A,T 


Read timer/counter 1 


1 


42 


d MOVT.A 


Load timer/counter 1 


1 


62 


O STRTT 


Start timer 1 


1 


55 


5 STRTCNT 


Start counter 1 


1 


45 


.§ STOP TCNT 


Stop timer/counter 1 


I 


65 


5 RAD 


Move conversion resuli 1 


2 


80 


a> 


register to A 






| SEL ANO 


Select analog input 1 


1 


85 


O 


zero 






5 SEL AN 1 

< 


Select analog input one 1 


1 


95 


EN I 


Enable external 1 
interrupt 


1 


05 


DIS I 


Disable external 1 


1 


15 


(A 


interrupt 






3 EN TCNTI 


Enable timer/counter 1 


1 


25 


a> 


interrupt 






S DIS TCNTI 


Disable timer/counter 1 
interrupt 


1 


35 


RET I 


Return from interrupt 1 


2 


93 


NOP 


No operation 1 


1 


00 



SYMBOLS AND ABBREVIATIONS USED 



A Accumulator 

addr 1 1-Bit Program Memory Address 

ANO, AN1 Analog Input 0, Analog Input 1 

CNT Event Counter 

data 8-Bit Number or Expression 

I Interrupt 



P Mnemonic for "in-page" Operation 

Pp Port Designator (P=0, t, 2 or 4-7) 

R r Register Designator (r=0-7) 

T Timer 

TO, T1 Test 0, Test 1 

# Immediate Data Prefix 

@ Indirect Address Prefix 
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8022H 

HIGH PERFORMANCE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

WITH ON-CHIP A/D CONVERTER 

■ 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 

■ 5 idsec Cycle; All Instructions 1 or 2 
Cycles (6 MHz Clock) 

■ Instructions— 8048 Subset 

■ 



8-Bit CPU, ROM, RAM, I/O in Single 40-Pin 
Package 

On-Chip 8-Bit A/D Converter; Two Input 
Channels 

8 Comparator Inputs (Port 0) 

Zero-Cross Detection Capability 

Single 5V Supply (4.5V to 6.5V) 

Two Interrupts—External and Timer 



Interval Time/Event Counter 

Clock Generated with Single Inductor or 

Crystal 

Easily Expanded I/O 



The Intel® 8022H is designed to satisfy the requirements of low cost, high volume applications which involve 
analog signals, capacitive touchpanel keyboards, and/or large ROM space. The 8022H addresses these 
applications by integrating many new functions on-chip, such as A/D conversion, comparator inputs and 
zero-cross detection. 

The features of the 8022H include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 
I/O lines, an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for 
interfacing to low voltage capacitive touchpanels or other non-TTL interfaces, external timer interrupts, and 
zero-cross detection capability. In addition, it contains the 8-bit interval timer/event counter, on-board 
oscillator and clock circuitry, single 5V power supply requirement, and easily expandable I/O structure 
common to all members of the MCS-48 family. 

The 8022H is designed to be an efficient controller as well as an arithmetic processor. It has bit handling 
capability plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
using the MCS-48 instruction set which consists mostly of single byte instructions and has extensive 
conditional jump and direct table lookup capability. Program memory usage is further reduced via the 8022H's 
hardware implementation of the A/D converter which simplifies interfacing to analog signals. 




Figure 1. 
Block Diagram 



Vcc v ss 








PORTO 

THRESHOLD 

REFERENCE 






P26 C 


1 ^^ 40 


3 Vcc 






P27 C 


2 39 


3 P25 






AVccC 


3 38 


3 P24 




\ A / p ORT0 


Varef C 

AN1 C 


4 37 

5 36 


3 PROG 
3 P23 






ANOC 


6 35 


3 P22 




(^ ¥ \pORT1 


AVssC 
TOC 


7 34 

8 33 


3 P21 
3 P20 


8022 




VthC 


9 32 


3 P17 






pooC 


10 8022 31 


3 P16 




\A NpORT2 


poi C 


11 30 


3 P15 




P02C 


12 29 


3 P14 






P03C 


13 28 


3 P13 






P04 C 


14 27 


3 P12 






P05 C 


15 26 


3 pn 




ADDRESS 


P06 C 


16 25 


3 pio 






P07 C 


17 24 


3 RESET 






ALEC 


18 23 


3 XTAL2 






T1C 


19 22 


3 XTAL1 




PORT 


VssC, 


20 21 


3 SUBST 










STROBE 




! I I 

A/D A/D SUBSTRA 


TE 




Vcc v ss 




Figure 2. 


Figure 3. Pin 
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8031/8051/8751 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 



8031 - Control Oriented CPU With RAM and I/O 

8051 ■ An 8031 With Factory Mask-Programmable ROM 

8751 ■ An 8031 With User Programmable/ Erasable EPROM 



4Kx8ROM/EPROM 

128x8 RAM 

Four 8-Bit Ports, 32 I/O Lines 

Two 16-Bit Timer/Event Counters 

High- Performance Full-Duplex 

Serial Channel 

External Memory Expandable to 128K 

Compatible with MCS-80®/MCS-85® 

Peripherals 



Boolean Processor 

MCS-48® Architecture Enhanced with: 

• Non-Paged Jumps 

• Direct Addressing 

• Four 8-Register Banks 

• Stack Depth Up to 128-Bytes 

• Multiply, Divide, Subtract, Compare 
Most Instructions Execute in 1ps 
4us Multiply and Divide 



The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel's 
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin 
DIP. It provides the hardware features, architectural enhancements and new instructions that are necessary to 
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory 
and/or up to 64K bytes of data storage. 

The 8051/8751 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data 
memory; 32 I/O lines; two 16-bit timer/counters; a five-source, two-priority-level, nested interrupt structure; a 
serial I/O port for either multi-processor communications, I/O expansion, or full duplex UART; and on-chip 
oscillator and clock circuits. The 8031 is identical, except that it lacks the program memory. For systems that 
require extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte 
oriented MCS-80 and MCS-85 peripherals. 

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic 
processor. The 8051 has extensive facilities for binary and BCD arithmetic and excels in bit-handling capa- 
bilities. Efficient use of program memory results from an instruction set consisting of 44% of one-byte, 41% 
two-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute in1 fis, 40% 
in 2/us and multiply and divide require only 4jus. Among the many instructions added to the standard 8048 
instruction set are multiply, divide, subtract and compare. 
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64K-BVTE BUS 
EXPANSION 
CONTROL 



PROGRAMMABLE I/O 



±±T 



TWO 16-BIT 
TIMER/EVENT 
COUNTERS 



IU_JL_JT 



PROGRAMMABLE 
SERIAL PORT 
FULL DUPLEX 
UART 

SYNCHRONOUS 
SHIFTER 



XTAL1 

□ 

XTAL2 

EA/ VDD » 

PSEN-*- 
ALE/PROG ■*- 
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AND I/O PINS 
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Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



Figure 3. Pin 
Configuration 
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INTRODUCTION 

This data sheet provides an introduction to the 8051 
family. A detailed description of the hardware re- 
quired to expand the 8051 with more program mem- 
ory, data memory, I/O, specialized peripherals and 
into multiprocessor configurations is described in 
the 8051 Family User's Manual. 

THE 8051 Family 

The 8051 is a stand-alone high-performance single- 
chip computer intended for use in sophisticated 
real-time applications such as instrumentation, 
industrial control and intelligent computer periph- 
erals. It provides the hardware features, architectural 
enhancements and new instructions that make it a 
powerful and cost effective controller for applications 
requiring up to 64K-bytes of program memory and/or 
up to 64K-bytes of data storage. A Block Diagram is 
shown in Figure 3. 

The 8031 is a control-oriented CPU without on-chip 
program memory. It can address 64K-bytes of 
externa! Program Memory in addition to 64K-bytes 
of External Data Memory. For systems requiring extra 
capability, each member of the 8051 family can be 
expanded using standard memories and the byte 
oriented MCS-80 and MCS-85 peripherals. The 8051 
is an 8031 with the Sower 4K-bytes of Program 
Memory filled with on-chip mask programmable 
ROM while the 8751 has 4K-bytes of UV-light- 
erasable/electrically-programmable ROM. 
The three pin-compatible versions of this com- 
ponent reduce development problems to a minimum 
and provide maximum flexibility. The 8751 is well 
suited for development, prototyping, low-volume 
production and applications requiring field updates; 
the 8051 for low-cost, high volume production; and 
the 8031 for applications desiring the flexibility of 
external Program Memory which can be easily 



modified and updated in the field. 

MACRO-VIEW OF THE 8051 
ARCHITECTURE 

On a single die the 8051 microcomputer combines 
CPU; non-volatile 4K x 8 read-only program memory; 
volatile 128 x 8 read/write data memory; 32 I/O lines; 
two 16-bit timer/event counters; a five-source, two- 
priority-levei, nested interrupt structure; serial I/O 
port for either multi-processor communications, I/O 
expansion, or full duplex UART; and on-chip oscilla- 
tor and clock circuits. This section will provide an 
overview of the 8051 by providing a high-level de- 
scription of its major elements: the CPU architecture 
and the on-chip functions peripheral to the CPU. 
The generic term "8051" is used to refer collectively 
to the 8031, 8051, and 8751. 

8051 CPU Architecture 

The 8051 CPU manipulates operands in four memory 
spaces. These are the 64K-byte Program Memory, 
64K-byte External Data Memory, 384-byte Internal 
Data Memory and 16-bit Program Counter spaces. 
The Internal Data Memory address space is further 
divided into the 256-byte Internal Data RAM and 
128-byte Special Function Register (SFR) address 
spaces shown in Figure 4. Four Register Banks 
(each with eight registers), 128 addressable bits, 
and the stack reside in the Internal Data RAM. The 
stack depth is limited only by the available Internal 
Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program 
Counter and the four 8-Register Banks reside in the 
Special Function Register address space. These 
memory mapped registers include arithmetic regis- 
ters, pointers, I/O ports, interrupt system registers, 
timers and serial port. 128 bit locations in the SFR 
address space are addressable as bits. The 8051 con- 
tains 128 bytes of Internal Data RAM and 20 SFRs. 
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Figure 4. 8051 Family Memory Organization 
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The 8051 provides a non-paged Program Memory 
address space to accommodate relocatable code. 
Conditional branches are performed relative to the 
Program Counter. The register-indirect jump permits 
branching relative to a 16-bit base register with an 
offset provided by an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location 
in the contiguous 64K Program Memory address 
space. 

The 8051 has five methods for addressing source 
operands: Register, Direct, Register-Indirect, Im- 
mediate and Base-Register- plus Index-Register- 
Indirect Addressing. The first three methods can be 
used for addressing destination operands. Most 
instructions have a "destination, source" field that 
specifies the data type, addressing methods and 
operands involved. For operations other than 
moves, the destination operand is also a source 
operand. 

Registers in the four 8-Register Banks can be 
accessed through Register, Direct, or Register- 
Indirect Addressing; the 128 bytes of Internal Data 
RAM through Direct or Register- Indirect Addressing; 
and the Special Function Registers through Direct 
Addressing. External Data Memory is accessed 
through Register-Indirect Addressing. Look-Up- 
Tables resident in Program Memory can be accessed 
through Base-Register- plus Index-Register- Indirect 
Addressing. 

The 8051 is classified as an 8-bit machine since the 
internal ROM, RAM, Special Function Registers, 
Arithmetic/Logic Unit and external data bus are each 
8-bits wide. The 8051 performs operations on bit, 
nibble, byte and double-byte data types. 
The 8051 has extensive facilities for byte transfer, 
logic, and integer arithmetic operations. It excels at 
bit handling since data transfer, logic and condi- 
tional branch operations can be performed directly 
on Boolean variables. 

The 8051 's instruction set is an enhancement of 
the instruction set familiar to MCS-48 users. It is 
enhanced to allow expansion of on-chip CPU 
peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add 
new high-power operations and to permit new 
addressing modes which make the old operations 
more orthogonal. Efficient use of program memory 
results from an instruction set consisting of 49 
single-byte, 45 two-byte and 17 three-byte instruc- 
tions. When using a 12 MHz oscillator, 64 instructions 
execute in '\ps and 45 instructions execute in 2£/s. 
The remaining instructions (multiply and divide) 
execute in only 4/xs. The number of bytes in each 
instruction and the number of oscillator periods 
required for execution are listed in the appended 
8051 Instruction Set Summary. 



On-Chip Peripheral Functions 

Thus far only the CPU and memory spaces of the 
8051 have been described. In addition to the CPU 
and memories, an interrupt system, extensive I/O 
facilities, and several peripheral functions are inte- 
grated on-chip to relieve the CPU of repetitious, 
complicated or time-critical tasks and to permit 
stringent real-time control of external system inter- 
faces. The extensive I/O facilities include the I/O 
pins, parallel I/O ports, bidirectional address/data 
bus and the serial port for I/O expansion. The CPU 
peripheral functions integrated on-chip are the two 
16-bit counters and the serial port. All of these work 
together to greatly boost system performance. 

INTERRUPT SYSTEM 

External events and the real-time-driven on-chip 
peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. 
To tie the asynchronous activities of these functions 
to normal program execution, a sophisticated mul- 
tiple-source, two-priority-level, nested interrupt sys- 
tem is provided. Interrupt response latency ranges 
from 3/iS to 7ps when using a 12 MHz crystal. 
The 8051 acknowledges interrupt requests from 
five sources: Two from external sources via the INTO 
and INT1 pins, one from each of the two internal 
counters and one from the serial I/O port. Each 
interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five 
sources can be assigned to either of two priority 
levels and can be independently enabled and dis- 
abled. Additionally all enabled sources can be globally 
disabled or enabled. Each external interrupt is pro- 
grammable as either level- or transition-activated 
and is active-low to allow the "wire or-ing" of several 
interrupt sources to the input pin. The interrupt 
system is shown diagrammatically in Figure 5. 

I/O FACILITIES 

The 8051 has instructions that treat its 32 I/O lines 
as 32 individually addressable bits and as four 
parallel 8-bit ports addressable as Ports 0, 1, 2 and 3. 
Ports 0, 2 and 3 can also assume other functions. 
Port provides the multiplexed low-order address 
and data bus used for expanding the 8051 with 
standard memories and peripherals. Port 2 provides 
the high-order address bus when expanding the 
8051 with external Program Memory or more than 
256 bytes of External Data Memory. The pins of 
Port 3 can be configured individually to provide ex- 
ternal interrupt request inputs, counter inputs, the 
serial port's receiver input and transmitter output, 
and to generate the control signals used for reading 
and writing External Data Memory. The generation 
or use of an alternate function on a Port 3 pin is 
done automatically by the 8051 as long as the pin 
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INPUT LEVEL AND 
INTERRUPT REQUEST 
FLAG REGISTERS: 



INTERRUPT ENABLE 

REGISTER: 
SOURCE GLOBAL 

ENABLE ENABLE 




HIGH PRIORITY 

INTERRUPT 

REQUEST 



LOW PRIORITY 

INTERRUPT 

REQUEST 



• FIVE INTERRUPT SOURCES 

• EACH INTERRUPT CAN BE INDIVIDUALLY ENABLED/DISABLED 

• ENABLED INTERRUPTS CAN BE GLOBALLY ENABLED/DISABLED 

• EACH INTERRUPT CAN BE ASSIGNED TO EITHER OF TWO PRIORITY LEVELS 

• EACH INTERRUPT VECTORS TO A SEPARATE LOCATION IN PROGRAM MEMORY 

• INTERRUPT NESTING TO TWO LEVELS 

• EXTERNAL INTERRUPT REQUESTS CAN BE PROGRAMMED TO BE LEVEL- OR 
TRANSITION-ACTIVATED 



Figure 5. 8051 Interrupt System 



is configured as an input. The configuration of the 
ports is shown on the 8051 Family Logic Symbol 
of Figure 2. 
Open Drain I/O Pins 

Each pin of Port can be configured as an open 
drain output or as a high impedance input. Resetting 
the microcomputer programs each pin as an input by 
writing a one (1) to the pin. If a zero (0) is later written 
to the pin it becomes configured as an output and 
will continuously sink current. Re-writing the pin 
to a one (1) will place its output driver in a high- 
impedance state and configure the pin as an input. 
Each I/O pin of Port can sink two TTL loads. 

Quasi-Bidirectional I/O Pins 

Ports 1, 2 and 3 are quasi-bidirectional buffers. 
Resetting the microcomputer programs each pin as 
an input by writing a one (1) to the pin. If a zero (0) 
is later written to the pin it becomes configured as 
an output and will continuously sink current. Any 
pin that is configured as an output will be recon- 
figured as an input when a one (1) is written to the 
pin. Simultaneous to this reconfiguration the output 
driver of the quasi-bidirectional port will source 
current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero 
(0) is updated to a one (1), a pin programmed as an 
input will not source current into the TTL gate that 
is driving it if the pin is later written with another one 
(1). Since the quasi-bidirectional output driver sources 
current for only two oscillator periods, an internal 



pullup resistor of approximately 20K- to 40K-ohms 
is provided to hold the external driver's loading at a 
TTL high level. Ports 1, 2 and 3 can sink/source one 
TTL load. 

Microprocessor Bus 

A microprocessor bus is provided to permit the 8051 
to solve a wide range of problems and to allow the 
upward growth of user products. This multiplexed 
address and data bus provides an interface com- 
patible with standard memories, MCS-80 peripherals 
and the MCS-85 memories that include on-chip 
programmable I/O ports and timing functions. These 
are summarized in the 8051 Microcomputer Expan- 
sion Components chart of Figure 6. 
When accessing external memory the high-order 
address is emitted on Port 2 and the low-order 
address on Port 0. The ALE signal is provided for 
strobing the address into a n external latch. The 
program store enable (PSEN) signal is provided for 
enabling an external memory device to Port Q during 
a read from the Program Memory address space. 
When the MOVX instruction is executed Port 3 auto- 
matically generates the read (RD) signal for enabling 
an External Data Memory device to Port or gener- 
ates the write (WR) signal for strobing the external 
memory device with the data emitted by Port 0. Port 
emits the address and data to the external memory 
through a push/pull driver that can sink/source two 
TTL loads. At the end of the read/write bus cycle 
Port is automatically reprogrammed to its high 
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Program 


Crystal 












Or Data 


Frequency 




Category 


I.D. 


Description 


Comments 


Memory 


MHz (Max) 




I/O Expander 




8 Line I/O Expander 
(Shift Register) 


Low Cost I/O Expander 




12 




Standard EPROMs 


2758 


1K x8 450 ns Light 
Erasable 


User programmable and 
erasable. 


P 


9 






2716-1 


2K x 8 350 ns Light 
Erasable 




P 


11 






2732 


4K x 8 450 ns Light 
Erasable 




p 


9 






2732A 


4K x 8 250 ns Light 
Erasable 




P 


12 


Standard RAMs 


2114A 


1K x4 100 ns RAM 


Data memory can be 


D 


12 






2148 


1K x 4 70 ns RAM 


easily expanded using 


D 


12 


CO 

c 
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1K x4 200 ns RAM 


standard NMOS RAMs. 


D 
D 


12 
12 


Multiplexed Address/ 
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1 K x 8 300 ns RAM 


c 
o 

Q. 
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8-Bit I/O Port 
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D 


12 


o 
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8-Bit I/O Port 


or I/O port. 


D 


12 


un 




8283 


8-Bit I/O Port 




D 


12 


CO 




8255A 


Programmable 


Three 8-bit programmable 


D 


12 


co 






Peripheral Interface 


I/O ports. 






(7) 
O 

CD 
jD 




8251 A 


Programmable Com- 


Serial Communications 


D 


12 






munications Interface 


Receiver/Transmitter. 






Standard Peripherals 


8205 


1 of 8 Binary Decoder 


MCS-80 and MCS-85 


D 


12 


Ct3 




8286 


Bi-directional Bus Driver 


peripheral devices are 


D 


12 


Q. 

E 




8287 


Bi-directional Bus Driver 


compatible with the 8051 


D 


12 


o 






(Inverting) 


allowing easy addition of 






O 




8253A 


Programmable Interval 
Timer 


specialized interfaces. 
Future MCS-80/85 


D 


12 






8279 


Programmable 
Keyboard/Display 
Interface (128 Keys) 


devices will also be 
compatible. 


D 


12 






8291 


GPIB Talker/Listener 




D 


12 






8292 


GPIB Controller 




D 


11.7 


Universal Peripheral 


8041A 


ROM Program Memory 


User programmable to 


D/P 


12/11.7 




Interfaces 


8741 A 


EPROM Program 
Memory 


perform custom I/O and 
control functions. 


D/P 


12/11.7 


Memories with 


8155-2 


256 x 8 330 ns RAM 




D 


12 




on-chip I/O and 


8355-2 


2Kx 8 330 ns ROM 




P 


11.6 




Peripheral Functions. 


8755-2 


2Kx 8 330 ns EPROM 




P 


11.6 



Figure 6. 8051 Microcomputer Expansion Components 



impedance state and Port 2 is returned to the state 
it had prior to the bus cycle. The 8051 generates 
the address, data and control signals needed by 
memory and I/O devices in a mannerthat minimizes 
the requirements placed on external program and 
data memories. At 12 MHz, the Program Memory 
cycle time is 500ns and t he acc ess times required 
from stable address and PS EN are approximately 
320ns and 150ns respectively. The External Data 
Memory cycle time is 1/vs and the access times 
required from stable address and from read (RD) 
or write (WR) command are approximately 600ns 
and 250ns respectively. 



TIMER/EVENT COUNTERS 

The 8051 containstwo16-bitcountersformeasuring 
time intervals, measuring pulse widths, counting 
events and generating precise, periodic interrupt re- 
quests. Each can be programmed independently to 
operate similar to an 8048 8-bittimer with divide by 32 
prescaler or as an 8-bit counter with divide by 32 pre- 
scaler (Mode 0), as a 16-bit time-interval or event 
counter (Mode 1), or as an 8-bit time-interval or 
event counter with automatic reload upon over- 
flow (Mode 2). 

Additionally, counter can be programmed to a 
mode that divides it into one 8-bit time-interval or 
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event counter and one 8-bit time-interval counter 
(Mode 3). When counter is in Mode 3, counter 1 can 
be programmed to any of the three aforementioned 
modes, although it cannot set an interrupt request 
flag or generate an interrupt. This mode is useful 
because counter 1's overflow can be used to pulse 
the serial port's transmission-rate generator. Along 
with their multiple operating modes and 16-bit pre- 
cision, the counters can also handle very high input 
frequencies. These range from 0.1 MHz to 1.0 MHz 
(for 1.2 MHz to 12 MHz crystal) when programmed 
for an input that is a division by 12 of the oscillator 
frequency and from Hz to an upper limit of 50 KHz 
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when 
programmed for external inputs. Both internal and 
external inputs can be gated to the counter by a 
second external source for directly measuring 
pulse widths. 

The counters are started and stopped under software 
control. Each counter sets its interrupt request flag 
when it overflows from all ones to all zeros (or auto- 
reload value). The operating modes and input sources 
are summarized in Figures 7 and 8. The effects of 
the configuration flags and the status flags are shown 
in Figures 9 and 10. 

Serial Communications 

The 8051 has a serial I/O port that is useful for 
serially linking peripheral devices as well as multiple 
8051s through standard asynchronous protocols with 
full-duplex operation. The serial port also has a 
synchronous mode for expansion of I/O lines using 
CMOS and TTL shift registers. This hardware serial 
communications interface saves ROM code and 
permits a much higher transmission rate than could 
be achieved through software. In response to a serial 
port interrupt request the CPU has only to read/write 
the serial port's buffer to service the serial link. 
A block diagram of the serial port is shown in Figures 
11 and 12. Methods for linking UART (universal 
asynchronous receiver/transmitter) devices are 
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Figure 7. Timer/Event Counter 
Modes 0, 1 and 2 
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Figure 8. Timer/Event Counter in Mode 3 
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Figure 9. Timer/Counter Control and Status Flag Circuitry 

5-28 



AFN-01462B-06 



iny 



8031/8051/8751 



ip^iy[w$« 



COUNTER/TIMER RUN 



TIMER/ COUNTER IN MODE 3 



->- 



COUNTER 1 



MODE 0: 8-BIT TIMER WITH PRESCALER/ 

8-BIT COUNTER WITH PRESCALER 
MODE1: 16-BIT TIMER/COUNTER 
MODE 2: 8-BIT AUTO-RELOAD T/C 
MODE 3: PREVENTS INCREMENTING OF T/C 1 



INTERRUPT REQUEST 




-TL — 



„ PULSE TO 
SERIAL PORT 



Figure 10. Timer/Counter 1 Control and Status Fiag Circuitry 
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Figure 11. Serial Port— Synchronous Mode 
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Figure 12. Serial Port— U ART Modes 1, 2, and 3 
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Figure 13. UART Interfacing Schemes 



shown in Figure 13 and a method for I/O expansion 
is shown in Figure 14. 

The full-duplex serial I/O port provides asyn- 
chronous modes to facilitate communications with 
standard UART devices, such as printers and CRT 
terminals, or communications with other 8051s in 
multi-processor systems. The receiver is double 
buffered to eliminate the overrun that would occur if 
the CPU failed to respond to the receiver's interrupt 
before the beginning of the next frame. Double buffer- 
ing of the transmitter is not needed since the 8051 
can generally maintain the serial link at its maximum 
rate without it. A minor degradation in transmission 
rate can occur in rare events such as when the servic- 
ing of the transmitter has to wait for a lengthy inter- 
rupt service program to complete. In asynchronous 
modes, false start-bit rejection is provided on re- 
ceived frames. For noise rejection a best two-out-of- 
three vote is taken on three samples near the center 
of each received bit. 

When interfacing with standard UART devices the 
serial channel can be programmed to a mode (Mode 
1) that transmits/receives a ten-bit frame or pro- 
grammed to a mode (Mode 2 or 3) that transmits/ 
receives an eleven-bit frame as shown in Figure 15. 
The frame consists of a start bit, eight or nine data 
bits and a stop bit. In Modes 1 and 3, the transmission- 
rate timing circuitry receives a pulse from counter 1 
each time the counter overflows. The input to counter 
1 can be an external source or a division by 1 2 of the 
oscillator frequency. The auto-reload mode of the 
counter provides communication rates of 122 to 
31 ,250 bits per second (including start and stop bits) 
for a 12 MHz crystal. In Mode 2 the communication 
rate is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per 
second (including start and stop bits) for a 12 MHz 
crystal. 

Distributed processing offers a faster, more power- 
ful system than can be provided by a single CPU 
processor. This results from a hierarchy of intercon- 
nected processors, each with its own memories and 
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Figure 14. I/O Expansion Technique 
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Figure 15. Typical Frame Formats 
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1. Slaves— Configure serial port to interrupt 

CPU if the received ninth data bit 
is a one (1). 

2. Master— Transmit frame containing address 

in first 8 data bits and set ninth data 
bit (i.e. ninth data bit designates 
address frame). 

3. Slaves— Serial port interrupts CPU when 

address frame is received. Interrupt 
service program compares received 
address to its address. The slave 
which has been addressed recon- 
figures its serial port to interrupt 
the CPU on all subsequent trans- 
missions. 

4. Master— Transmit control frames and data 

frames (these will be accepted only 
by the previously addressed slave). 



Figure 16. Protocol for Multi-Processor 
Communications 

I/O. In multiprocessing, a host 8051 microcomputer 
controls a multiplicity of 8051s configured to operate 
simultaneously on separate portions of the program, 
each controlling a portion of the overall process. 
The interconnected 8051s reduce the load on the 
host processor and result in a low-cost system of 
data transmission. This form of distributed process- 
ing is especially effective in systems where controls 
in a complex process are required at physically 
separated locations. 

In Modes 2 and 3 the automatic wake-up of slave 
processors through interrupt driven address-frame 
recognition is provided to facilitate interprocessor 
communications. The protocol for interprocessor 
communications is shown in Figure 16. 
In synchronous mode (Mode 0) the high speed serial 
port provides an efficient, low-cost method of expand- 
ing I/O lines using standard TTL and CMOS shift 
registers. The serial channel provides a clock output 
for synchronizing the shifting of bits to/from an 
external register. The data rate is a division by 12 
of the oscillator frequency and is 1M bits per second 
at 12 MHz. 

8051 Family Pin Description 

Vss 

Circuit ground potential. 

Vcc 

+5V power supply during operation, programming 

and verification. 

PortO 

Port is an 8-bit open drain bidirectional I/O port. 



It is also the multiplexed low-order address and data 
bus when using external memory. It is used for data 
input and output during programming and verifi- 
cation. Port can sink/source two TTL loads. 

PORT1 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during program- 
ming and verification. Port 1 can sink/source one 
TTL load. 

PORT 2 

Port 2 is an 8-bit quasi-bidirectional I/O port. It also 
emits the high-order 8 bits address when accessing 
external memory. It is used for the high-order 
address and the control signals during programming 
and verification. Port 2 can sink/source one TTL 
load. 

PORT 3 

Port 3 is an 8-bit quasi-bidirectional I/O port. It also 
contains the interrupt, timer, serial port and RD and 
WR pins that are used by various options. The 
output latch corresponding to a secondary function 
must be programmed to a one (1 ) for that function to 
operate. Port 3 can sink/source one TTL load. The 
secondary functions are assigned to the pins of Port 
3, as follows: 

— RXD/data (P3.0). Serial port's receiver data input 
(asynchronous) or data input/output (synchro- 
nous). 

— TXD/clock (P3.1). Serial port's transmitter data 
output (asynchronous) or clock output (synchro- 
nous). 

— INT0(P3.2). Interrupt input or gate control input 
for counter 0. 

— INT1 (P3.3). Interrupt 1 input or gate control input 
for counter 1. 

— TO (P3.4). Input to counter 0. 

— T1 (P3.5). Input to counter 1. 

— WR (P3.6). The write control signal latches the 
data byte from Port into the External Data 
Memory. 

— RD (P3.7). The read control signal enables 
External Data Memory to Port 0. 

RST/Vpo 

A low to high transition on this pin (at approximately 
3V) resets the 8051. If Vpp is held within its spec 
(approximately +5V), while Vcc drops below spec, 
Vpo will provide standby power to the RAM. When 
Vpo is low, the RAM's current is drawn from Vcc- A 
small internal resistor permits power-on reset using 
only a capacitor connected to Vcc- 



ALE/PROG 

Provides Address Latch Enable output used for 
latching the address into external memory during 
normal operation. Receives the program pulse 
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input during EPROM programming. 

PSEN 

The Program Store Enable output is a control signal 

that enables the external Program Memory to the 

bus during normal fetch operations. 

EA/VDD 

When held at a TTL high level, the 8051 executes 

instructions from the internal ROM/EPROM when 

the PC is less than 4096. When held at a TTL low 

level, the 8051 fetches all instuctions from external 

Program Memory. The pin also receives the 21V 

EPROM programming supply voltage. 

XTAL1 

Input to the oscillator's high gain amplifier. A crystal 
or external source can be used. 

XTAL2 

Output from the oscillator's amplifier. Required when 
a crystal is used. 



80S1 FAMILY DEVELOPMENT SYSTEM 
AND SOFTWARE SUPPORT 

The 8051 is supported by a total range of Intel de- 
velopment tools. This broad range of support 
shortens the product development cycle and thus 
brings the product to market sooner. 

• ASM51 Absolute macro assembler for the 8051. 

• CONV51 8048 assembly language source code 

to 8051 assembly source code conver- 
sion program. 

• EM-51 8051/8751 emulator board that uses a 

modified 8051 and an EPROM. 

• ICE-51™ Real-time in-circuit emulator. 

• SDK-51 System Design Kit for Developing User 

Prototype around the 8051. 

• UPP-551 8751 personality card for UPP-103 

Universal PROM Programmer. 

• 8051 Workshop. 

8051 Software Development Package 
(ASM51 and CONV51) 

The 8051 software development package provides 
development system support for the powerful 8051 
family of single chip microcomputers. The package 
contains a symbolic macro assembler and a 8048 
to 8051 source code converter. This diskette-based 
software package runs under ISIS-II on any Intellec® 
Microcomputer Development System with 64K 
bytes of memory. 

8051 Macro Assembler (ASM51) 

The 8051 macro assembler translates symbolic 8051 



assembly language instructions into machine exe- 
cutable object code. These assembly language 
mnemonics are easier to program and are more 
readable than binary or hexidecimal machine in- 
structions. Also, by allowing the programmer to 
give symbolic names to memory locations rather 
than absolute addresses, software design and 
debug are performed more quickly and reliably. 

ASM51 provides symbolic access for the many use- 
ful addressing methods in the 8051 architecture 
which reference bit, nibble and byte locations. 

The assembler supports macro definitions and 
calls. This provides a convenient means of program- 
ming a frequently used code sequence only once. 
The assembler also provides conditional assembly 
capabilities. Cross referencing is provided in the 
symbol table listing, which shows the user the lines 
in which each symbol was defined and referenced. 

If an 8051 program contains errors, the assembler 
provides a comprehensive set of error diagnostics, 
which are included in the assembly listing. 

The object code generated may be used to program 
the 8751 EPROM version of the chip or sent to 
Intel for fabricating the 8051 ROM version. The 
assembler output can also be debugged using the 
ICE-51 in-circuit emulator. 

8048 to 8051 Assembly Language 
Converter Utility Program (CONV51) 

The 8048 to 8051 assembly language converter is 
a utility to help users of the MCS-48 family of micro- 
computers upgrade their designs to the high per- 
formance 8051 architecture. By converting 8048 
source code to 8051 source code, the investment in 
software developed for the 8048 is maintained when 
the system is upgraded. 

8051 Emulation Board (EM-51) 

The EM-51 8051 emulation board is a small (2.85" x 
5.25") board which emulates an 8031/8051/8751 
microcomputer using standard PROMs or EPROMs 
in place of the 8051's on-chip program memory. The 
board includes a modified 8051 microcomputer, 
supporting circuits, and two sockets for program 
memory. The user may select two 2716 EPROMs, a 
2732 EPROM, or two 3636 bipolar PROMs depend- 
ing on crystal frequency and power requirements. 

8051 In-Circuit Emulator (ICE-51™) 

The 8051 In-Circuit Emulator resides in the Intellec 
development system. The development system 
interfaces with the user's 8051 system through an 
in-cable buffer box with the cable terminating in an 
8051 pin-compatible plug. Together these replace 
the 8051 device in the system. With the emulator 
plug in place, the designer can exercise the system 
in real-time while collecting up to 255 instruction 
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cycles of real-time data. In addition, he can single 
step the system program. 

Static RAM memory is available in the ICE-51 buffer 
box to emulate the 8051 's internal and external pro- 
gram memories and external data memory. The 
designer can display and alter the contents of the 
replacement memory in the ICE-51 buffer box, 
internal 8051 registers, internal data RAM, and 
Special Function Registers. Symbolic reference 
capability allows the designer to use meaningful 
symbols provided by ASM51 rather than absolute 
values when examining and modifying these mem- 
ory, register, flag, and I/O locations in his system. 

Universal PROM Programmer 
Personality Card (UPP-551) 

The UPP-551 is a personality card for the UPP-103 
Universal PROM Programmer. The Universal PROM 



Programmer is an Intellec system peripheral cap- 
able of programming and verifying the 8751 when 
the UPP-551 is inserted. Programming and vesica- 
tion operations are initiated from the Intellec de- 
velopment system console and are controlled by the 
Universal PROM Mapper (UPM) program. 

8051 Workshop 

The workshop provides the design engineer or 
system designer hands-on experience with the 8051 
microcomputers. The course includes explanation 
of the Intel 8051 architecture, system timing and 
input/output design. Lab sessions will allow the 
attendee to gain detailed familiarity with the 8051 
family and support tools. 
INSITE™ Library 

The INSITE Library contains 8051 utilities and 
applications programs. 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0° C to 70° C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin With 

Respect to Ground (V ss ) -0.5V to +7V 

Power Dissipation 2 Watts 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS <ta = o°cto7o°c 


; V C C = 5V ± 5%; V S s 


= 0V) 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage (All except XTAL1) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (XTAL1) 


-0.5 




TBD 


V 




V|H 


Input High Voltage 

(All Except XTAL1, RST/Vpo) 


2.0 




Vcc+0.5 


V 




V|H1 


Input High Voltage (XTAL1) 


TBD 




VCC+O.5 


V 




V|H2 


Input High Voltage (RST) 


3.0 




V CC + 0.5 


V 




V|H3 


Input High Voltage (Vp D ) 


4.5 




5.5 


V 


Power Down Only 
(V C C = 0) 


vol 


Output Low Voltage 

(All Outputs Except Port 0) 






0.45 


V 


l [_ = 2 mA 


VOL1 


Output Low Voltage (Port 0) 






0.45 


V 


Iql = 4 mA 


VOH 


Output High Voltage (All Outputs 
Except Port 0, ALE and PSEN) 


2.4 






V 


l O H = - 100 ^ A 


v OH1 


Output High Voltage (ALE and PSEN. 
Port in External Bus Mode) 


2.4 






V 


l O H = - 400 ^ A 


«LO 


Pullup Resistor Current (P1, P2, P3) 






500 


/iA 


.45V<V|N<V C C 


'loi 


Output Leakage Current (P0) 






±10 


AvA 


.45V<V|N^V C C 


ice 


Power Supply Current 
(All Outputs Disconnected) 






150 


mA 


T A =25°C 


IPD 


Power Down Supply Current 






20 


mA 


T A =25°C, V PD = 5V, 

v cc =ov 


Qo 


Capacitance Of I/O Buffer 






10 


pF 


fc = 1MHz 
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A.C. CHARACTERISTICS (TA = 0°C to 70°C; Vqc = 5V ± 5% ; CL for Port °» ALE and PSEN Outputs = 

150 PF; CL for All Other Outputs = 80 PF) 

Program Memory Characteristics 



Symbol 


Parameter 


12MHz Clock 


Variable Clock 
1/TCLCL=1.2 MHz to 12 MHz 


Min. 


Max. 


Units 


Min. 


Max. 


Units 


TCLCL 


Oscillator Period 


83 




ns 






ns 


TCY 


Min Instruction Cycle Time 


1.0 




1* 


12TCLCL 


12TCLCL 


ns 


TLHLL 


ALE Pulse Width 


140 




ns 


2TCLCL-30 




ns 


TAVLL 


Address Set Up To ALE 


60 




ns 


TCLCL-25 




ns 


TLLAX 


Address Hold After ALE 


50 




ns 


TCLCL-35 




ns 


TPLPH 


PSEN Width 


230 




ns 


3TCLCL-20 




ns 


TLHLH 


PSEN, ALE Cycle Time 


500 




ns 


6TCLCL 




ns 


TPLIV 


PSEN To Valid Instr In 




150 


ns 




3TCLCL-100 


ns 


TPHDX 


Input Data Hold After PSEN 







ns 







ns 


TPHDZ 


Input Data Float After PSEN 




75 


ns 




TCLCL-10 


ns 


TAVIV 


Address To Valid Instr In 




320 


ns 




5TCLCL-100 


ns 


TAZPL 









ns 







ns 


Address Float To PSEN 



External Data Memory Characteristics 



Symbol 


Parameter 


12MHz Clock 


Variable Clock 


Min. 


Max. 


Units 


Min. 


Max. 


Units 


TRLRH 


RD Pulse Width 


400 




ns 


6TCLCL-100 




ns 


TWLWH 


WR Pulse Width 


400 




ns 


6TCLCL-100 




ns 


TRLDV 


RD To Valid Data In 




250 


ns 




5TCLCL-170 


ns 


TRHDX 


Data Hold After RD 







ns 







ns 


TRHDZ 


Data Float After RD 




100 


ns 




2TCLCL-70 


ns 


TAVDV 


Address To Valid Data In 




600 


ns 




9TCLCL-150 


ns 


TAVWL 


Address To WR or RD 


200 




ns 


4TCLCL-130 




ns 


TQVWH 


Data Setup Before WR 


400 




ns 


7TCLCL-180 




ns 


TWHQX 


Data Held After WR 


80 




ns 


2TCLCL-90 




ns 



NOTE: 

There are 2 to 8 ALE cycles per instruction. Clocks and state timing are shown on the timing diagram for reference purposes only. They are 
not accessible outside the package. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles. 
Address setup and hold time from ALE are the same for data and program memory. 
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<: 



T1 T2 T3 T4 T5 T6 



/ 



X 



x 



\ 



ADDRESS A^-Ao 



X 



T7 T8 T9 T10 T11 T12 T1 T2 



\ 



\ 



X 



ADDRESS A 15 -A 8 



h 



"X/addr 

_/ s SFR_P 



ADDRESS OR 



t)^ A77A0 floatYinstr IN 



Program Memory Read Cycle 



< 



7 V 
7 



X 



PORTO / INSTR IN 



ADDRESS A 15 -A 8 



iV A7-A0 



X 



J~ 



"\/addr 

_ASFRP 



ADDRESS OK 



N/addi 

/\°L F 



ADDRESS 
FLOAT 



Data Memory Read Cycle 



PORTO < INSTR 



<• 



j—\ 



x 



fr . ** * ' 



ADDRESS A15-A 8 



V - 



"\/addh 

/\SFR P 



ADDRESS OR 
P2 



^- TWHQX-»-| 

\/addr 
A22J2- 



ADDRESS 
FLOAT 



Data Memory Write Cycle 
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Table 1. 8051 Instruction Set Summary 



Notes on instruction set and addressing modes: 



Rn 
data 



#data 

#data16 

addr16 



—Register R7-R0 of the currently selected Register Bank. 

—8-bit internal data location's address. This could be an 
Internal Data Ram location (0-127) or a SFR (i.e. I/O 
port, control register, status register, etc. (128-255). 

—8-bit Internal Data RAM location (0-255) addressed in- 
directly through register R1 or R0. 

—8-bit constant included in instruction. 

— 16-bit constant included in instruction. 

— 16-bit destination address. Used by LCALL & LJMP. A 
branch can be anywhere within the 64K-byte Program 
Memory address space. 

— 11-bit destination address. Used by ACALL&AJMP.The 
branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

—Signed (two's complement) 8-bit offset byte. Used by 
SJMP and all conditional jumps. Range is -128 to +127 
bytes relative to first byte of the following instruction. 

—Direct Addressed bit in Internal Data RAM or Special 
Function Register. 

—New operation not provided by 8048/8049. 



Interrupt Response Time: To finish execution of current instruction, 
respond to the interrupt request, push the PC and to vector to the first 
instruction of the interrupt service program requires 38 to 81 oscillator 
periods (3 to 7/vs @12MHz). 
INSTRUCTIONS THAT AFFECT FLAG SETTINGS 1 



INSTRUCTION 



FLAG 



INSTRUCTION 



FLAG 





C 


ov 


AC 




C 


ADD 


X 


X 


X 


CLRC 


O 


ADDC 


X 


X 


X 


CPLC 


X 


SUBB 


X 


X 


X 


ANL C, bit 


X 


MUL 


O 


X 




ANL C,/bit 


X 


DIV 


O 


X 




ORL C, bit 


X 


DA 


X 






ORL a/bit 


X 


RRC 


X 






MOV C, bit 


X 


RLC 


X 






CJNE 


X 


SETBC 


1 











'Note that operations on SFR byte address 208 or bit addresses 209- 
215 (i.e. the PSW or bits m the PSW) will also affect flag settings. 



Data Transfer 






Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


MOV A,Rn 


Move register to A 


i 


12 


* MOV A.data 


Move direct byte to A 


2 


12 


MOV A,@Ri 


Move indirect RAM to A 


1 


12 


MOV A,#data 


Move immediate data to A 


2 


12 


MOV Rn,A 


Move A to register 


1 


12 


*MOV Rn.data 


Move direct byte to register 


2 


24 


MOV Rn,#data 


Move immediate data to 
register 


2 


12 


*MOV data.A 


Move A to direct byte 


2 


12 


*MOV data.Rn 


Move register to direct byte 


2 


24 


•MOV data.data 


Move direct byte to direct 
byte 


3 


24 


*MOV data,@Ri 


Move indirect RAM to direct 
byte 


2 


24 


*MOV data.#data 


Move immediate data to 
direct byte 


3 


24 


MOV @Ri,A 


Move A to indirect RAM 


1 


12 


*MOV @Ri,data 


Move direct byte to indirect 
RAM 


2 


24 


MOV @Ri,#data 


Move immediate data to 
indirect RAM 


2 


12 


*MOV DPTR, 


Move 16-bit constant to Data 


3 


24 


#data16 


Pointer 






•MOV Obit 


Move direct bit to carry 


2 


12 


•MOV bit.C 


Move carry to direct bit 


2 


24 


*MOVC A,@A+ 


Move Program Memory byte 




24 


DPTR 


addressed by A+DPTR to A 






*MOVC A,@A+PC 


Move Program Memory byte 
addressed by A+PC to A 




24 


MOVX A,@Ri 


Move External Data (8-bit 
address) to A 




24 


*MOVX A,@DPTR 


Move External Data (16-bit 
address) to A 




24 


MOVX @Ri,A 


Move A to External Data 
(8-bit address) 




24 


*MOVX@DPTR,A 


Move A to External Data 
(16-bit address) 




24 


'• PUSH data 


Move direct byte to stack 
and inc. SP 


2 


24 


* POP data 


Move direct byte from stack 
and dec. SP 


2 


24 


XCH A.Rn 


Exchange register with A 


1 


12 


*XCH A.data 


Exchange direct byte with A 


2 


12 


XCH A.@Ri 


Exchange indirect RAM 
with A 


1 


12 


XCHD A,(S)Ri 


Exchange indirect RAM's 
least sig nibble with A's LSN 


1 


12 : 



Logic 






Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


ANL A,Rn 


AND register to A 


1 


12 


*ANL A.data 


AND direct byte to A 


2 


12 


ANL A,(S)Ri 


AND indirect RAM to A 


1 


12 


ANL A,#data 


AND immediate data to A 


2 


12 


•ANL data.A 


AND A to direct byte 


2 


12 


*ANL data,#data 


AND immediate data to direct 
byte 


3 


24 


*ANL Obit 


AND direct bit to carry 


2 


24 


*ANL C./bit 


AND complement of direct bit 
to carry 


2 


24 


ORL A,Rn 


OR register to A 


1 


12 


*ORL A.data 


OR direct byte to A 


2 


12 


ORL A,@Ri 


OR indirect RAM to A 


1 


12 


ORL A,#data 


OR immediate data to A 


2 


12 


*ORL data.A 


OR A to direct byte 


2 


12 


*ORL data,#data 


OR immediate data to direct 
byte 


3 


24 


*ORL Cbit 


OR direct bit to carry 


2 


24 


*ORLC,/bit 


OR complement of direct bit 
to carry 


2 


24 


XRL A,Rn 


Exclusive-OR register to A 


1 


12 


•XRL A.data 


Exclusive-OR direct byte to A 


2 


12 


XRL A,@Ri 


Exclusive-OR indirect RAM 
to A 


1 


12 


XRL A,#data 


Exclusive-OR immediate 
data to A 


2 


12 


* XRL data.A 


Exclusive-OR A to direct byte* 


2 


12 


* XRL data,#data 


Exclusive-OR immediate 
data to direct byte 


3 


24 


*SETB C 


Set carry 


1 


12 


* SETB bit 


Set direct bit 


2 


12 


CLR A 


Clear A 




12 


CLRC 


. Clear carry 




12 


* CLR bit 


Clear direct bit 




12 


CPL A 


Complement A 




12 


CPLC 


Complement carry 




12 


* CPL bit 


Complement direct bit 




12 


RL A 


Rotate A Left 




12 


RLC A 


Rotate A Left through carry 




12 


RR A 


Rotate A Right 




12 


RRC A 


Rotate A Right through carry 




12 


SWAP A 


Rotate A left four (exchange 
nibbles within A) 




12 



All mnemonics copyrighted© Intel Corporation 1980. 
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Arithmetic 






Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


ADD A.Rn 


Add register to A 


1 


12 


*ADD A, data 


Add direct byte to A 


2 


12 


ADD A,@Ri 


Add indirect RAM to A 


1 


12 


ADD A,#data 


Add immediate data to A 


2 


12 


ADDC A,Rn 


Add register and carry flag to A 


1 


12 


*ADDC A.data 


Add direct byte and carry flag 
to A 


2 


12 


ADDC A,@Ri 


Add indirect RAM and carry 
flag to A 


1 


12 


ADDC A,#data 


Add immediate data and carry 
flag to A 


2 


12 


*SUBB A.Rn 


Subtract register and carry flag 
from A 


1 


12 


*SUBB A.data 


Subtract direct byte and carry 
flag from A 


2 


12 


*SUBB A,@Ri 


Subtract indirect RAM and 
carry flag from A 


1 


12 


*SUBB A,#data 


Subtract immediate data and 
carry flag from A 


2 


12 


INC A 


Increment A 


1 


12 


INCRn 


Increment register 


1 


12 


* INC data 


Increment direct byte 


2 


12 


INC @Ri 


Increment indirect RAM 


1 


12 


DEC A 


Decrement A 


1 


12 


DECRn 


Decrement register 


1 


12 


* DEC data 


Decrement direct byte 


2 


12 


*DEC@Ri 


Decrement indirect RAM 


1 


12 


*INC DPTR 


Increment Data Pointer 


1 


24 


*MULAB 


Multiply A times B 


1 


48 


*DIVAB 


Divide A by B 


1 


48 


DA A 


Decimal add Adjust of A 


1 


12 



Control Transfer (Branch) 












Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


AJMPaddr 11 


Absolute Jump 


2 


24 


*LJMP addr16 


Long Jump 


3 


24 


*SJMP rel 


Short Jump 


2 


24 


*JMP @A+DPTR 


Jump indirect relative to 
the DPTR 


1 


24 


JZrel 


Jump if A is zero 


2 


24 


JNZ rel 


Jump if A is not zero 


2 


24 


JCrel 


Jump if carry is set 


2 


24 


JNC rel 


Jump if carry is not set 


2 


24 


*JB bit.rel 


Jump relative if direct bit 
is set 


3 


24 


*JNB bit.rel 


Jump relative if direct bit 
is not set 


3 


24 


*JBC bit.rel 


Jump relative if direct bit 
is set, then clear bit 


3 


24 


*CJNE A.data.rel 


Compare direct byte to A 
& Jump if not Eq. 
See Note a. 


3 


24 


*CJNE A.#data,rel 


Compare immed. to A & Jump 
if not Eq. See Note a. 


3 


24 


*CJNE Rn,#data, 


Compare immed. to reg & 


3 


24 


rel 


Jump if not Eq. See Note a. 






*CNJE@Ri, 


Compare immed. to indirect 


3 


24 


#data,rel 


RAM & Jump if not Eq. 
See Note a. 






DJNZ Rn.rel 


Decrement register & Jump 
if not zero 


2 


24 


*DJNZ data.rel 


Decrement direct byte & 
Jump if not zero 


3 


24 


Note a) Set C if the first operand is less than the second operand; 


else clear 









Other 



NOP 



Description 

No Operation 



Oscillator 
Bytes Periods 

1 12 



Control Transfer (Subroutine) 




Oscillator 


Mnemonic Description 


Bytes 


Periods 


ACALL addr11 Absolute Subroutine Call 


2 


24 


LCALL addr16 Long Subroutine Call 


3 


24 


RET Return from Subroutine Call 


1 


24 


RETI Return from Interrupt Call 


1 


24 
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8048H/8048H-1/8035HL/8035HL-1 
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 



■ 8048H/8048H-1 Mask Programmable ROM 

■ 8035HL/8035HL-1 CPU Only with Power Down Mode 



8-BIT CPU, ROM, RAM, I/O in Single 

Package 

High Performance HMOS 

Reduced Power Consumption 

1 .4 usee and 1 .9 usee Cycle Versions 

All Instructions 1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 



1KX8ROM 

64 x RAM 

27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 

Peripherals 

Two Single Level Interrupts 



The Intel® 8048H/8048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parallel computers fabricated on single 
silicon chips using Intel's advanced N-channel silicon gate HMOS process. 

The 8048H contains a 1KX8 program memory, a 64X8 RAM data memory,27 I/O lines, and an 8-bit timer/counter in addition 
to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be expanded using stan- 
dard memories and MCS-80® /MCS-85® peripherals. The 8035HL is the equivalent of the 8048H without program memory 
and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally pin compati- 
ble version of the 8048H with UV-erasable user-programmable EPROM program memory is available. The 8748 will emulate 
the 8048H up to 6 MHz clock frequency with minor differences. 

The8048H is fully compatible with the 8048 when operated at 6M Hz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



1024 WORDS 
PROGRAM 
MEMORY 



7T 



8 BIT 
CPU 



sz 



8 BIT 

TIMER 

EVENT COUNTER 



64 WORDS 

DATA 
MEMORY 



7T 



SINGLE _ 
STEP 

EXTERNAL _ 
MEM 

TEST { " 



iz 



27 
I/O LINES 



°<0 






8048H 
8035HL 
8048H-1 
8035HL-1 



PROGRAM 

► STORE 
ENABLE 

ADDRESS 

► LATCH 
ENABLE 

PORT 
» EXPANDER 
STROBE 



C3 



C9 



TO C 
XTAL1 C 
XTAL2 
RESET C 

SS 
INT 

EAC 

mc 

PSlN 
WR C 
ALE C 
DB 
DBi 
DB 2 
DB 3 
DB 4 
DB 5 
DB 6 
DB 7 
VSS 



10 8035HL 
8048H-1 
8035HL-1 



C12 

qia 

14 
15 
16 
17 
18 

di9 

C20 



40 3 Vcc 
39DT1 
38JP27 
37 3 P26 
36JP25 
35 3 P24 
34 IJP17 
33 3 M6 
32 3 P15 
31 3 P14 
30 3P13 

20 3 M2 
28 3 P11 
27 3 MO 
26 3 V DD 
25 3 PROG 
24 3 P23 
23 3 P22 
22 3 P21 

21 3P20 



Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



Figure 3. Pin 

Configuration 

(top view) 
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Table 1. Pin Description 



Symbol 


Pin No. 


Function 


vss 


20 


Circuit GND potential 


vdd 


26 


Low power standby pin 


vcc 


40 


Main power supply; +5V during 
operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 


P10-P17 
Port 1 


27-34 


8-bit quasi-bidirectional port. 


P20-P27 
Port 2 


21-24 


8-bit quasi-bidirectional port. 




35-38 


P20-P23 contain the four high 
order program counter bits dur- 
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 


DB0-DB7 
BUS 


12-19 


True bidirectional port which 

Can be written or read 

synchronously using the RD, WR 
strobes. The port can also be 
statically latched. 

Contains the 8 low order pro- 
gram counter bits during an 
external program memory fetch, 
and receives the addressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 


TO 


1 


Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO CLK instruction. 


T1 


39 


Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 
instruction. 


INT 


6 


Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 



Symbol 


Pin No. 


Function 






Also testable with conditional 






jump instruction. (Active low) 


RD 


8 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 
external device. 

Used as a read strobe to external 




4 


data memory. (Active low) 
Input which is used to initialize 


RESET 






the processor. (Active low) 






(NonTTL V|H) 


WR 


10 


Output strobe during a bus Write. 
(Active iow) 

Used as write strobe to external 
data memory. 


ALE 


11 


Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and 
program memory. 


PSEN 


9 


Program store enable. This out- 
put occurs only during a fetch to 
external program memory. 
(Active low) 


SS 


5 


Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 


EA 


7 


External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 


XTAL1 


2 


One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL Vm) 


XTAL2 


3 


Other side of crystal input. 
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Table 2. Instruction Set 



ADD A, R 
ADD A, @R 
ADD A, # data 
ADDC A, R 
ADDC A, @R 
ADDC A, # data 
ANL A, R 
ANL A, @R 
ANL A, # data 
ORL A, R 
ORL A @R 
ORL A, # data 
XRL A, R 
XRL A, @R 
XRL, A, # data 
INC A 
DEC A 
CLR A 
CPLA 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 



Description 

Add register to A 

Add data memory to A 

Add immediate to A 

Add register with carry 

Add data memory with carry 

Add immediate with carry 

And register to A 

And data memory to A 

And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 

Exclusive or register to A 

Exclusive or data memory to A 

Exclusive or immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 

Rotate A right 

Rotate A right through carry 



Byt 



tes Cycles 



Registers 

Mnemonic 

INCR 

INC@R 

DECR 



Description 

Increment register 
Increment data memory 
Decrement register 



input/Output 








Mnemonic 


Description 


Bytes Cycles 


IN A, P 


Input port to A 


1 


2 


OUTL P, A 


Output A to port 


1 


2 


ANL P, # data 


And immediate to port 


2 


2 


ORL P, #data 


Or immediate to port 


2 


2 


INS A, BUS 


Input BUS to A 


1 


2 


OUTL BUS, A 


Output A to BUS 


1 


2 


ANL BUS, # data And immediate to BUS 


2 


2 


ORL BUS, # data Or immediate to BUS 


2 


2 


MOVD A,P 


Input expander port to A 


1 


2 


MOVD P, A 


Output A to expander port 


1 


2 


ANLD P, A 


And A to expander port 


1 


2 


ORLD P, A 


Or A to expander port 


1 


2 



Bytes Cycles 



Branch 








Mnemonic 


Description 


Bytes Cycles 


JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJNZ R, addr 


Decrement register and skip 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr 


Jump on carry = 


2 


2 


JZ addr 


Jump on A zero 


2 


2 


JNZ addr 


Jump on A not zero 


2 


2 


JTO addr 


Jump on TO = 1 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


JFO addr 


Jump on FO = 1 


2 


2 


JF1 addr 


Jump on F1 = 1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JN1 addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Subroutine 

Mnemonic Description Bytes Cycles 

CALL addr Jump to subroutine 2 2 

RETR Return 12 

RETR Return and restore status 1 2 



Flags 






Mnemonic 


Description 


Bytes Cycles 


CLRC 


Clear carry 




CPLC 


Complement carry 




CLR FO 


CLear flag 




CPLFO 


Complement flag 




CLR F1 


Clear flag 1 




CPL F1 


Complement flag 1 





Data Moves 






Mnemonic 


Description Bytes Cycles 


MOV A, R 


Move register to A 1 


1 


MOV A, @R 


Move data memory to A 1 


1 


MOV A, # data 


Move immediate to A 2 


2 


MOV R, A 


Moye A to register 1 


1 


MOV@R, A 


Move A to data memory 1 


1 


MOV R, # data 


Move immediate to register 2 


2 


MOV @R, #data 


Move immediate to data memory 2 


2 


MOV A, PSW 


Move PSW to A 1 


1 


MOV PSW, A 


Move A to PSW 1 


1 


XCH A, R 


Exchange A and register 1 


1 


XCH A, @R 


Exchange A and data memory 1 


1 


XCHD A, @R 


Exchange nibble of A and 1 
register 




MOVX A, @R 


Move external data memory to A 1 


2 


MOVX @R, A 


Move A to external data memory 1 


2 


MOVP A, @A 


Move to A from current page 1 


2 


MOVP3 A, @ 


Move to A from page 3 1 


2 



Timer/Counter 

Mnemonic 

MOV A, T 
MOV T, A 
STRTT 
STRT CNT 
STOP TCNT 
EN TCNT1 
DIS TCNT1 



Description 

Read timer/counter 

Load timer/counter 

Start timer 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 



Byl 



tes Cycles 



Description 

No operation 



Control 






Mnemonic 


Description 


Bytes Cycles 


EN 1 


Enable external interrupt 


1 1 


DIS 1 


Disable external interrupt 


1 1 


SEL RBO 


Select register bank 


1 1 


SEL RB1 


Select register bank 1 


1 1 


SEL MBO 


Select memory bank 


1 1 


SEL MB1 


Select memory bank 1 


1 1 


ENT CLK 


Enable clock output on TO 


1 1 



Bytes Cycles 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to +150°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 



D.C. CHARACTERISTICS (TA = o°c to 70°c, 


v cc = v 


DD = 5V 


+ 10%, i 


y ss = 0V) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage 

(All Except RESET, X1, X2) 


-.5 




.8 


V 




V|L1 


Input Low Voltage 
(RESET, X1, X2) 


-.5 




.6 


V 




V,H 


Input High Voltage 

(All Except XTAL1, XTAL2, RESET) 


2.0 




vcc 


V 




V|H1 




3.8 




vcc 


V 




Input High Voltage (X1, X2, RESET) 


vol 


Output Low Voltage (BUS) 






.45 


V 


Iql = 2.0 mA 


V OL1 


Output Low Voltage 
(RD, WR, P3ER ALE) 






.45 


V 


Iql = 1-8 mA 


v OL2 


Output Low Voltage (PROG) 






.45 


V 


I l = 1-0 mA 


V OL3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


Iql = 1-6 mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


Iqh = -400/xA 


v OH1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


Iqh = "100/xA 


v OH2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


"OH = - 40 M A 


'L1 


Input Leakage Current (T1, INT) 






±10 


/xA 


VSS^V| N <VCC 


I|_I1 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


M A 


V SS + -45<V, N <Vcc 


lLO 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






±10 


M A 


V SS +.45<V, N <V CC 


•dd 


Vqd Supply Current 




4 


8 


mA 




•dd + 
•cc 


Total Supply Current 




40 


80 


mA 




vdd 


RAM Standby Pin Voltage 


2.2 




5.5 


V 


Standby Mode, Reset ^0.6V 




500 (I A 




P1,P2 


300 u 


TYPICAL 


~^\ v 


100 nk 




===^ 




2V 4V 

VOH 



-J I u 
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A.C. CHARACTERISTICS (T A = 


= 0°C to 70° C, Vcc = VDD = 5V ± 10%, Vss = OV) 








Symbol 


Parameter 


F (t C Y) 


8048H 
8035HL 


8048H-1 
8035HL-1 


Unit 


Conditions 
(Note 1) 


6 MHz 


8 MHz 


11 MHz 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tLL 


ALE Pulse Width 


7/30 tCY -170 


410 




260 




150 








tAL 


Addr Setup to ALE 


1/5 tCY-110 


390 




260 




160 








tLA 


Addr Hold from ALE 


1/15 tCY-40 


120 




80 




50 








tCC1 


Control Pulse Width 
(RD, WR) 


1/2tCY~200 


1050 




730 




480 








*CC2 


Control Pulse Width (PSEN) 


2/5 t CY -200 


800 




550 




350 








tDW 


Data Setup before WR 


13/30 tCY "200 


880 




610 




390 








tWD 


Data Hold after WR 


1/5tcY"150 


350 




220 




120 






(Note 2) 


tDR 


Data Hold (RD, PSEN) 


1/10 tCY "30 





220 





160 





110 






tRD1 


RD to Data in 


2/5 tQY "20° 




800 




550 




350 






tRD2 


PSEN to Data in 


3/10 tCY "200 




550 




360 




210 






tAW 


Addr Setup to WR 


2/5tCY"150 


850 




600 




300 








tAD1 


Addr Setup to Data (RD) 


23/30 tQY "250 




1670 




1190 




750 






tAD2 


Addr Setup to Data (PSEN) 


3/5 tQY -250 




1250 




880 




480 






tAFC1 


Addr Float to RD, WR 


2/15 tCY "40 


290 




210 




140 








tAFC2 


Addr Float to PSEN 


1/30 tCY "40 


40 




20 




10 








tLAFCI 


ALE to Control (RD, WR) 


1/5 t C Y -75 


420 




300 




200 








tLAFC2 


ALE to Control (PSEN) 


1/10tCY"75 


170 




110 




60 








tCA1 


Control to ALE 
(RD, WR, PROG) 


1/15 t CY -40 


120 




80 




50 








tCA2 


Control to ALE (PSEN) 


4/15 tCY-40 


620 




460 




320 








tCP 


Port Control Setup to PROG 


1/10tcY"40 


210 




140 




100 








tpc 


Port Control Hold to PROG 


4/15 tQY -200 


460 




300 




160 








tPR 


PROG to P2 Input Valid 


17/30 tQY 
-120 




1300 




940 




650 






tPF 


Input Data Hold from PROG 


1/10 tCY 




250 





190 





140 






tDP 


Output Data Setup 


2/5tcY"150 


850 




600 




400 








tPD 


Output Data Hold 


1/10tCY"50 


200 




130 




90 








tpp 


PROG Pulse Width 


7/10 tCY -250 


1500 




1060 




700 








tPL 


Port 2 I/O Setup to ALE 


4/15 tCY -200 


460 




300 




160 








tLP 


Port 2 I/O Hold to ALE 


1/10 tQY "100 


150 




80 




40 








tpv 


Port Output from ALE 


3/10 tCY +100 




850 




660 




510 






tCY 


Cycle Time 




2.5 




1.875 




1.36 








tOPRR 


TO Rep Rate 


3/15 tCY 


500 




370 




270 









Notes: 

1. Control Outputs CL = 80pF 
BUS Outputs CL = 150pF 

2. BUS High Impedance Load 20pF 
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WAVEFORMS 



- l LL— H *LAFC2 



J 



*AFC2 -^ 



BUS FLOATING 



itrx 



«• *CC2 *-| 



l CA2 



*LAFC1 



1 -J 



1 



L — »CC1 —J 



*CA1 



ADDRESS U-t TO 2- 

'AD2 



_ * i r 

I «AFC1 -*-| )r* — ~*\ 

— H ! DR "*- __^ _— » I FLOAT ING ' 

)( )( FLOATING )( BUS FLOATING ^DPRESs)( | VdATA ^ 



INSTRUCTION 



tAD1 



3 



Instruction Fetch From External Program Memory 

*LAFC1 H- 



Read From External Data Memory 



J L 



U— »cci *.| t CA1 L— 



floating)(address)(floating)(i data j^ 



2.4V ■ 
0.4SV • 



" %:>»"— o f 



J 



Write to External Data Memory 



Input and Output for A.C.Tests 



PORT 2 TIMING 























ALE / 

EXPANDER 
PORT 


\ 




/ \ 




r~ 










I 






••— -«PL •» 


«*»LP»- 




.^ 


_t D p »» 


WPD»> 


X - 


OUTPUT X 

EXPANDER 
PORT 


PCH 


X 


PORT 20-23 DATA 


X 


PORT CONTROL Yj 


OUTPUT DATA 






X 






tPF 




«• tpp 




INPUT Y 


PCH 


X 


PORT 20-23 DATA 


PORT CONTROL | Y 


Vmnput 

A DATA 








«•— l CP— »► 




-tpc-^l 








^ 




PROG 






/ 
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I/O PORT TIMING 



1ST CYCLE 


2ND CYCLE 

* — *pl — »H k— tpv — *■ 

i / r i 




AIF , / \ 


/ \ 












\ / 




V 


output A PCH A P0RT 20 " 23 DATA A NEW P20 " 23 DATA X PCH 

II 


P24-27 \# 

P10-17 PORT 24-27, PORT 10-17 DATA Y NEW PORT DATA 

OUTPUT A 









Crystal Oscillator Mode 










LC Oscillator Mode 




C1 

If f 2 


XTAL1 
XTAL2 












2 


" 2 7r\[LC' 
XTAL1 v 

C = 3Cpp 

C " 2 
Cpp = 5-10 pF 
XTAL2 P'N-TO-PIN 
* ,M " CAPACITANCE 


r 


' J1-6MHZ 

» C2;i; nz3 

i( ! T 


«f 


jL 
I 3 




\\ 3 
C3 






C1 '- 5pF 1/2pF + STRAY 5pF 
C2 = CRYSTAL STRAY 8pF 
C3 - 20pF + 1pF STRAY 5pF 










L 
45 ^H 
120 M H 


C NOMINAL f 
20pF 5.2 MHz 
20pF 3.2 MHz 












EACH C, SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STRAY CAPACITANCE, 




Driving From External Source 










+5V 
I 














|470i? 












-o 






2 


XTAL1 








+5V 




OPEN COLLECTOR 
TTL GATES 


?i 


•470 
3 
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SPECIAL LOW POWER CONSUMPTION SINGLE 
COMPONENT 8-BIT MICROCOMPUTER 

Typical Power Consumption 100mW 



Typical Standby Power 10mW 
V DD minimum of 2.2V 

8-Bit CPU, ROM, RAM, I/O in Single 
Package 

4.17 usee Instruction Cycle. 
All Instructions 1 or 2 Cycles. 

Over 90 Instructions: 70% Single Byte 



■ 1Kx8ROM 
64 x 8 RAM 
27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ Compatible with 8080/8085 Series 
Peripherals 

■ Two Single Level Interrupts 



The Intel® 8048L Is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel's advanced N-channel silicon gate HMOS process, using special techniques to reduce operating and 
standby power consumption. The 8048L contains a 1 K X 8 program memory, a 64 X 8 RAM data memory, 
27 I/O lines, and an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that 
require extra capability the 8048L can be expanded using standard memories and MCS-80®/MCS-85® periph- 
erals. The 8048L can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin compatible version of the 8048L with UV-erasable user-programmable EPROM program memory is avail- 
able. The 8748 will emulate the 8048L with greater power and other minor differences. 

This microcontroller is designed to be an efficient controller as well as an arithmetic processor. The 8048L has 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of pro- 
gram memory results from an instruction set consisting mostly of single byte instructions and no instructions 
over two bytes in length. 



1024 WORDS 
PROGRAM 
MEMORY 



7\ 



64 WORDS 

DATA 
MEMORY 



8 BIT 
CPU 



7S 



\7 



SINGLE _ 
STEP 

EXTERNAL _ 
MEM 



8 BIT 

TIMER 

EVENT COUNTER 



\7 



BUS< C0 






PROGRAM 

► STORE 
ENABLE 

ADDRESS 

► LATCH 
ENABLE 

PORT 
- EXPANDER 
STROBE 



TO C 1 
XTAL 1 C 2 
XTAL 2 C 3 
RESET C4 

SS C 5 
INT C 6 

EA C 7 

RD Ca 

PSfN C 9 
WR C 10 
ALE C 11 
DB C 12 
DB! C 13 
DB 2 C 14 
DB 3 C 15 
DB 4 C 16 
DB 5 C 17 
DB 6 C 18 
DB 7 C 19 
V S S C 20 



35 3 

34 3 



32 3 



26 3 



3v cc 

JT1 
3 P27 
3 P26 
3P25 

P24 

P17 
3 P16 

P15 
3 P14 
3 P13 
3 P12 
3 PH 
3 P10 

V D D 
3 PROG 
3 P23 
3 P22 
3 P21 
3 P20 



Figure 1. 
8048L Block Diagram 



Figure 2. 
8048L Logic Symbol 



Figure 3. 
8048L Pin Configuration 
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PIN DESCRIPTION 



Designation 


Pin- 


Function 


V SS 


20 


Circuit GND potential 


V DD 


26 


Low power standby pin 


V CC 


40 


Main power suppiy; +5V 
during operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 



P10-P17 
Port 1 
P20-27 
Port 2 



DB0-DB7 
BUS 



TO 



T1 



INT 



27-34 8-bit quasi-bidirectional 
port. 

21-24 8-bit quasi-bidirectional 
port. 

35-38 P20-P23 contain the four 

high order program counter 
bits during an external pro- 
gram memory fetch and 
serve as a 4-bit I/O expander 
bus for 8243. 

12-19 True bidirectional port 

which can be written or read 
synchronously using the 
RD, WR strobes. The port 
can also be statically 
latched. 

Contains the 8 low order 
program counter bits during 
an external program 
memory fetch, and receives 
the addressed instru ction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction, 
under control of ALE, RD, 
and WR. 

1 Input pin testable using the 

conditional transfer in- 
structions JTO and JNTO. TO 
can be designated as a clock 
output using ENTO CLK 
instruction. 

39 Input pin testable using the 
JT1, and JNT1 instructions. 
Can be designated the 
timer/counter input using 
the STRT CNT instruction. 

6 Interrupt input. Initiates an 

interrupt if interrupt is 
enabled. Interrupt is dis- 
abled after a reset. Also 



Designation Pin = Function 



RD 



RESET 4 



WR 



ALE 



10 



PSEN 9 



SS 



EA 



XTAL1 2 



XTAL2 3 



testable with conditional 
jump instruction. 
(Active low) 

Output strobe activated 
during a BUS read. Can be 
used to enable data onto the 
bus from an external device. 

Used as a read strobe to 
external data memory. 
(Active low) 

Input which is used to 
initialize the processor. 
(Active low) 
(Non TTL V| H ) 

Output strobe during a bus 
write. (Active low) 

Used as write strobe to 
external data memory. 

Address iatch enable. This 
signal occurs once during 
each cycle and is useful as a 
clock output. 

The negative edge of ALE 
strobes address into ex- 
ternal data and program 
memory. 

Program store enable. This 
output occurs only during a 
fetch to external program 
memory. (Active low) 

Single step input can be 
used in conjunction with 
ALE to "single step" the 
processor through each 
instruction. (Active low) 

External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emula- 
tion and debug, and 
essential for testing and 
program verification. 
(Active high) 

One side of crystal input for 
internal oscillator. Also 
input for external source. 
(Non TTL V IH ) 
Other side of crystal input. 
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INSTRUCTION SET 



Accumulator 






Mnemonic 


Description By 


les Cycles 


ADD A, R 


Add register to A 




ADD A, @R 


Add data memory to A 




ADD A, # data 


Add immediate to A J 


> 2 


ADDC A, R 


Add register with carry 




ADDC A, @R 


Add data memory with carry 




ADDC A, # data 


Add immediate with carry 2 


> 2 


ANL A, R 


And register to A 




ANL A, @R 


And data memory to A 1 




ANL A, # data 


And immediate to A I 


> 2 


ORL A, R 


Or register to A 1 




ORL A @R 


Or data memory to A 




ORL A, # data 


Or immediate to A I 


> 2 


XRL A, R 


Exclusive or register to A 




XRL A, @R 


Exclusive or data memory to A 1 




XRL, A, # data 


Exclusive or immediate to A J 


> 2 


INC A 


Increment A 




DEC A 


Decrement A 




CLR A 


Clear A 1 




CPLA 


Complement A 




DA A 


Decimal adjust A 




SWAP A 


Swap nibbles of A 1 




RL A 


Rotate A left 




RLCA 


Rotate A left through carry 




RR A 


Rotate A right 1 




RRC A 


Rotate A right through carry 1 





Input/Qutput 








Mnemonic 


Description 


Bytes Cycles 


IN A, P 


Input port to A 


1 


2 


OUTL P, A 


Output A to port 


1 


2 


ANL P, # data 


And immediate to port 


2 


2 


ORL P, # data 


Or immediate to port 


2 


2 


INS A, BUS 


Input BUS to A 


1 


2 


OUTL BUS, A 


Output A to BUS 


1 


2 


ANL BUS, # data And immediate to BUS 


2 


2 


ORL BUS, # data Or immediate to BUS 


2 


2 


MOVD A,P 


Input expander port to A 


1 


2 


MOVD P, A 


Output A to expander port 


1 


2 


ANLD P, A 


And A to expander port 


1 


2 


ORLD P, A 


Or A to expander port 


1 


2 



Registers 



Mnemonic 


Description 


INC R 


Increment register 


INC@R 


Increment data memory 


DECR 


Decrement register 



Bytes Cycles 



Branch 








Mnemonic 


Description 


Bytes Cycles 


JMP addr 


Jump unconditional 


2 


2 


JMPP@A 


Jump indirect 


1 


2 


DJNZ R, addr 


Decrement register and skip 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr 


Jump on carry = 


2 


2 


JZ addr 


Jump on A zero 


2 


2 


JNZ addr 


Jump on A not zero 


2 


2 


JTO addr 


Jump on TO = 1 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 - 1 


2 


2 


JNT1 addr 


Jump on T1 =0 


2 


2 


JFO addr 


Jump on F0 = 1 


2 


2 


JF1 addr 


Jump on F1 = 1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JN1 addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Subroutine 

Mnemonic 

CALL addr 

RET 

RETR 



Description Bytes Cycle: 

Jump to subroutine 2 2 

Return 1 2 

Return and restore status 1 2 



Flags 






Mnemonic 


Description 


Bytes Cycles 


CLRC 


Clear carry 




CPLC 


Complement carry 




CLR F0 


CLear flag 




CPLFO 


Complement flag 




CLR F1 


Clear flag 1 




CPLF1 


Complement flag 1 





Data Moves 






Mnemonic 


Description Bytes Cycles 


MOV A, R 


Move register to A 1 


1 


MOV A, @R 


Move data memory to A 1 


1 


MOV A, # data 


Move immediate to A 2 


2 


MOV R, A 


Move A to register 1 


1 


MOV @R, A 


Move A to data memory 1 


1 


MOV R, # data 


Move immediate to register 2 


2 


MOV @R, #data 


Move immediate to data memory 2 


2 


MOV A, PSW 


Move PSW to A 1 


1 


MOV PSW, A 


Move A to PSW 1 


1 


XCH A, R 


Exchange A and register 1 


1 


XCH A, @R 


Exchange A and data memory 1 


1 


XCHD A, @R 


Exchange nibble of A and 1 
register 




MOVX A, @R 


Move external data memory to A 1 


2 


MOVX @R, A 


Move A to external data memory 1 


2 


MOVP A, @A 


Move to A from current page 1 


2 


MOVP3 A, @ 


Move to A from page 3 1 


2 



Timer/Counter 

Mnemonic 

MOV A, T 
MOV T, A 
STRTT 
STRT CNT 
STOP TCNT 
EN TCNTI 
DIS TCNTI 



Description 

Read timer/counter 

Load timer/counter 

Start timer 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 



Bytes Cycles 



Control 






Mnemonic 


Description 


Bytes Cycles 


EN 1 


Enable external interrupt 


1 1 


DIS 1 


Disable external interrupt 


1 1 


SEL RBO 


Select register bank 


1 1 


SEL RB1 


Select register bank 1 


1 1 


SEL MBO 


Select memory bank 


1 1 


SEL MB1 


Select memory bank 1 


1 1 


ENT CLK 


Enable clock output on TO 


1 1 



Mnemonic 

NOP 



Description 

No operation 



Bytes Cycles 

1 1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to + 125°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



* COMMENT Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. 



D.C. AND OPERATING CHARACTERISTICS TA = 0°C to 70° C,VCC = VDD = 5V±10%, VSS = 0V 



Symbol 


Parameter 


Limits 


Unit 


1. 

Test Conditions 


Min. 


Typ. 


Max. 




V IL 


Input Low Voltage 

(All Except RESET, X1, X2) 


-.5 




.8 


V 




V IL1 


Input Low Voltage 
(RESET, X1.X2) 


-.5 




.6 


V 




V IH 


Input High Voltage 


2.0 




vcc 


V 






(All Except XTAL1, XTAL2, RESET) 




V IH1 


Input High Voltage (X1, X2, RESET) 


3.8 




v C c 


V 




V OL 


Output Low Voltage (BUS) 






.45 


V 


VOL = 2.0 mA 


V OL1 


Output Low Voltage 
(RD, WR, PSEN., ALE) 






.45 


V 


Iql = 1-8 mA 


V OL2 


Output Low Voltage (PROG) 






.45 


V 


Iql = 10 mA 


V OL3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


Iql = 16 mA 


V OH 


Output High Voltage (BUS) 


2-4 






V 


Iqh =-400/iA 


V OH1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


Iqh = - 100 ^ A 


V OH2 


Output High Voltage 
(AHOther Outputs) 


2.4 






V 


l OH =-40iUA 


»L1 


Input Leakage Current (T1, INT) 






± 10 


fifK 


V S S< V IN<V C C 


'LI1 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


0A 


V SS + .45<V |N <V CC 


'lo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






± 10 


0A 


V SS +45 < V IN< V CC 


•dd 


V DD Supply Current 




2 


4 


mA 




»DD + 

•cc 


Total Supply Current 




20 


40 


mA 




V D D 


Ram Standby Pin Voltage 


2.2 




5.5 


V 


Standby Mode, Reset < 0.6V 



50 mA 


A 


BUS 


30 mA 


typica\ 

-\ N 


v 


-10 mA 


■^ 


^ 



0V 2V 4V 

VOH 







P1.P2 


500 fiK 






300 H 


TYPICAL 


^\ 


100 //A 




: =^ 



2V 4V 

VOH 
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A.C. CHARACTERISTICS (PORT 2 TIMING) 

T A = 0° C to 70° C, V cc = 5V + 10%, V ss = OV 
TCY = 4.17 )uS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcp 


Port Control Setup Before Falling 
Edge of PROG 


185 




ns 




tpc 


Port Control Hold After Falling 
Edge of PROG 


160 




ns 




tpR 


PROG to Time P2 Input Must Be Valid 




1.35 


^s 




tpF 


Input Data Hold Time 





250 


ns 




^DP 


Output Data Setup Time 


420 




ns 




tpD 


Output Data Hold Time 


110 




ns 




tpp 


PROG Pulse Width 


2.0 




A*s 




tpL 


Port 2 I/O Data Setup 


585 




ns 




tLP 


Port 2 I/O Data Hold 


250 




ns 





PORT 2 TIMING 



J V 



y v. 



dz 



X 



-*PL ^—«LI 



PORT 20 3 DATA 



"I. 



DQ 



X 



PORT 20 3 DATA 



K 



PORT CONTROL 



X 



OUTPUT DATA 



XI 



PORT CONTROL 



U-ICP-* 



KVl 'NPUT V 
A ° ATA A 



.J 



-tpp- 



BUS TIMING AS A FUNCTION OF TCY 



SYMBOL 


FUNCTION OF TCY 


Tll 


7/30 


T CY MIN 


tal 


2/15 


T CY MIN 


tla 


1/15 


T CY MIN 


TCC (D 


1/2 


T CY MIN 


TCC (2) 


2/5 


T CY MIN 


tdw 


13/30 


T CY MIN 


TWD 


1/15 


T CY MIN 


TDR 





MIN 



T CC (1) : RD/W R 
T CC (2) : PSEN 



• APPROXIMATE VALUES NOT INCLUDING GATE DELAYS. 



SYMBOL 


FUNCTION OF TCY 


TrdO) 


2/5 


T CY MAX 


TRD (2) 


3/10 


T CY MAX 


T AW 


1/3 


T CY MIN 


tadO) 


11/15 


T CY MAX 


tad (2) 


8/15 


T CY MAX 


TafcO) 


2/15 


T CY MIN 


TAFC (2) 


1/30 


T CY MIN 


TcaO) 


1/15 


T CY MIN 


TCA(2) 


2/15 


T CY MIN 



T RD (1) : HP 
T RD (2) .PSEN 



TAD (1) 

tad (2) 
TafcO) 

TAFC (2) 
T C A d) 
T C A (2) 



RD 

PSEN 

RD 

PSEN 

RD, W R 

PSEN 
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WAVEFORMS 



-ill- 



J" 



— »AFC 



BUS FLOATING 



XIX 



«* T CC - 



TCA 



1 «J 



-*-| «DR U- 



INSTRUCTION 



Instruction Fetch From External Program Memory 

-J 1 I L 

U «CC *-| ! CA U- - 



-*WD 



BUS FLOATINgYaDDRESsYfLOATINgY DATA V FLOATING 

— «AW ■ -**l 

Write to External Data Memory 



U «CC *\ f CA 1^— 



»AFC— »• 




FLOATING 


(adoressX 1 ) 


£ DATA } 


|-»t RD - 

„ t AD ». 





Read From External Data Memory 



2.4V • 
0.45V ■ 



"Y 7 ^ 

Ao.8^ 



TEST POINTS 



Tovr 



Input and Output for A.C.Tests 



1 



A.C. CHARACTERISTICS T A = o°C to 70° c, v cc = v DD = 5V + 10%, v ss = ov 



Symbol 


Parameter 




Unit 


Conditions (Note 1) 


Min. 


Max. 


tLL 


ALE Pulse Width 


600 




ns 




tAL 


Address Setup to ALE 


150 




ns 




tLA 


Address Hold from ALE 


80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


1500 




ns 




tow 


Data Setup before WR 


640 




ns 




*WD 


Data Hold After WR 


120 




ns 


C L = 20pF 


*CY 


Cycle Time 


4.17 


15.0 


US 




toR 


Data Hold 





200 


ns 




tRD 


PSEN, RD to Data In 




750 


ns 




*AW 


Address Setup to WR 


260 




ns 




Ud 


Address Setup to Data In 




1450 


ns 




Ufc 


Address Float to RD, PSEN 







ns 




*CA 


Control Pulse to ALE 


20 




ns 





Note 1: Control outputs: C, = 80 pF 
BUS Outputs: Cl = 150pF 
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CRYSTAL OSCILLATOR MODE 



r 



C1 



T" 

I 

i 

i 

I 
I 

I 



X 



C1 = 5pF ± 1/2pF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF ± 1pF + STRAY < 5pF 

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 750 AT 6 MHz LESS THAN 1800 AT 3.6MHz 

LC OSCILLATOR MODE 



L C NOMINAL 1 

45pH 20pF 5.2 MHz 

120pH 20pF 3.2 MHz 









_ C + Cpp 



Cpp = 5-10 pF PIN TO PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIAMTELY 20pF. INCLUDING STRAY CAPACITANCE 

DRIVING FROM EXTERNAL SOURCE 




XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST BE HIGH 35-65% OF THE 
PERIOD. RISE AND FALL TIMES MUST NOT EXCEED 20ns. 
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8049H/8039HL 
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 

■ 8049H Mask Programmable ROM 

■ 8039 HL CPU Only with Power Down Mode 



8-BIT CPU, ROM, RAM, I/O in Single 
Package 

High Performance HMOS 

Reduced Power Consumption 

1.4 usee and 1.9 ysec Cycle Versions 
All Instructions 1 or 2 Cycles. 

Over 90 instructions: 70% Single Byte 



■ 1Kx8ROM 
64 x 8 RAM 
27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ Compatible with 8080/8085 Series 
Peripherals 

■ Two Single Level Interrupts 



The Intel® 8049H/8039HL are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS process. 

The 8049H contains a 2K X 8 program memory, a 128 X 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and dock circuits. For systems that require extra capability 
the 8049H can be expanded using standard memories and MCS-80®/MCS-85® peripherals. The 8039HL is 
the equivalent of the 8049H without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin compatible version of the 8049H with UV-erasable user-programmable EPROM program memory will 
soon be available. The 8749 will emulate the 8049H up to 1 MHz clock frequency with minor differences. 

The 8049'H is fully compatible with the 8049. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no 
instructions over 2 bytes in length. 



2048 WORDS 
PROGRAM 
MEMORY 



7\ 



8 BIT 
CPU 



<=; 



iz 



8 BIT 

TIMER 

EVENT COUNTER 



128 WORDS 

DATA 

MEMORY 



7^ 



iz 



£ 



SINGLE 
STEP" 

EXTERNAL 

MEM " 



■c 

RUPT-h* 

•<A> 



8049H 
8039HL 



<£>T 



PROGRAM 
- STORE 
ENABLE 

ADDRESS 
* LATCH 
ENABLE 

PORT 
► EXPANDER 
STROBE 



TO C 

XTAL 1 C 

XTAL 2 C 

RESET C 

SS C 

INT C 

EAC 

RD C 

PSENC 

WR C 

ALEC 

DBoC 

DB1 C 

DB2C 

DB 3 E 

DB 4 C 

DB 5 C 

DB 6 C 

DB 7 C 

VSS 



8049H 
8039HL 



C 20 



40 3 V CC 
39 "J T1 
38 3 P27 
37 3 P26 
36 3P25 
35 3 P24 
34 Z} P17 
33 U P16 
32 3 P15 
31 3P14 
30 3 P13 
29 3 P12 
28 DP11 
27 I]P10 
26 3 V D D 
25 3 PROG 
24 3 P23 
23 3 P22 
22 IJP21 
21 I|P20 



Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



Figure 3. 
Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Function 


vss 


20 


Circuit GND potential 


V D D 


26 


Low power standby pin 


vcc 


40 


Main power supply; +5V during 
operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 


P10-P17 
Portl 


27-34 


8-bit quasi-bidirectional port. 


P20-P27 
Port 2 


21-24 


8-bit quasi-bidirectional port. 




35-38 


P20-P23 contain the four high 
order program counter bits dur- 
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 


DB0-DB7 
BUS 


12-19 


True bidirectional port which 

can be written or read 

synchronously using the RD, WR 
strobes. The port can also be 
statically latched. 

Contains the 8 low order pro- 
gram counter bits during an 
external program memory fetch, 
and receives the addressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 


TO 


1 


Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO CLK instruction. 


T1 


39 


Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 
instruction. 


INT 


6 


Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
Also testable with conditional 
jump instruction. (Active low) 



Symbol 


Pin No. 


Function 


RD 


8 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 
external device. 

Used as a read strobe to external 




4 


data memory. (Active low) 
Input which is used to initialize 


RESET 






the processor. (Active low) 






(Non TTLV, H ) 


WR 


10 


Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 


ALE 


11 


Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and 




9 


program memory. 

Program store enable. This out- 


PSEN 






put occurs only during a fetch to 






external program memory. 






(Active low) 


SS 


5 


Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 


EA 


7 


External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 


XTAL1 


2 


One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL V|(_j) 


XTAL2 


3 


Other side of crystal input. 
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Table 2. Instruction Set 



Accumulator 

Mnemonic 

ADD A, R 
ADD A, @R 
ADD A, # data 
ADDC A, R 
ADDC A, @R 
ADDC A, # data 
ANL A, R 
ANL A, @R 
ANL A, # data 
ORL A, R 
ORL A @R 
ORL A, # data 
XRL A, R 
XRL A, @R 
XRL, A, # data 
INC A 
DEC A 
CLR A 
CPLA 
DA A 
SWAP A 
RLA 
RLC A 
RR A 
RRC A 



Description 

Add register to A 

Add data memory to A 

Add immediate to A 

Add register with carry 

Add data memory with carry 

Add immediate with carry 

And register to A 

And data memory to A 

And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 

Exclusive or register to A 

Exclusive or data memory to A 

Exclusive or immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 

Rotate A right 

Rotate A right through carry 



Bytes Cycles 



Input/Output 








Mnemonic 


Description 


Bytes Cycles 


IN A, P 


Input port to A 


1 


2 


OUTL P, A 


Output A to port 


1 


2 


ANL P, # data 


And immediate to port 


2 


2 


ORL P, # data 


Or immediate to port 


2 


2 


INS A, BUS 


Input BUS to A 


1 


2 


OUTL BUS, A 


Output A to BUS 


1 


2 


ANL BUS, # data And immediate to BUS 


2 


2 


ORL BUS, # data Or immediate to BUS 


2 


2 


MOVD A,P 


Input expander port to A 


1 


2 


MOVD P, A 


Output A to expander port 


1 


2 


ANLD P, A 


And A to expander port 


1 


2 


ORLD P, A 


Or A to expander port 


1 


2 



Registers 

Mnemonic 

INCR 

INC@R 

DECR 



Description 

Increment register 
Increment data memory 
Decrement register 



Bytes Cycles 

1 1 

1 1 

1 1 



Branch 








Mnemonic 


Description 


Bytes Cycles 


JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJN2 R, addr 


Decrement register and skip 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr 


Jump on carry = 


2 


2 


JZ addr 


Jump on A zero 


2 


2 


JNZ addr 


Jump on A not zero 


2 


2 


JTO addr 


Jump on TO = 1 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


JFO addr 


Jump on FO = 1 


2 


2 


JF1 addr 


Jump on F1 = 1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JN1 addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Subroutine 

Mnemonic 

CALL addr 

RETR 

RETR 



Jump to subroutine 

Return 

Return and restore status 



Bytes CyCles 

2 2 

1 2 

1 2 



Flags 






Mnemonic 


Description 


Bytes Cycles 


CLRC 


Clear carry 




CPLC 


Complement carry 




CLRFO 


CLear flag 




CPL FO 


Complement flag 




CLRF1 


Clear flag 1 




CPL F1 


Complement flag 1 





Data Moves 






Mnemonic 


Description Byt 


es Cycles 


MOV A, R 


Move register to A 1 


1 


MOV A, @R 


Move data memory to A 1 


1 


MOV A, # data 


Move immediate to A 2 


2 


MOV R, A 


Move A to register 1 


1 


MOV @R, A 


Move A to data memory 1 


1 


MOV R, # data 


Move immediate to register 2 


2 


MOV @R, #data 


Move immediate to data memory 2 


2 


MOV A, PSW 


Move PSW to A 1 


i 


MOV PSW, A 


Move A to PSW 1 


1 


XCH A, R 


Exchange A and register 1 


1 


XCH A, @R 


Exchange A and data memory 1 


1 


XCHD A, @R 


Exchange nibble of A and 1 
register 


1 


MOVX A, @R 


Move external data memory to A 1 


2 


MOVX @R, A 


Move A to external data memory 1 


2 


MOVP A, @A 


Move to A from current page 1 


2 


MOVP3 A, @ 


Move to A from page 3 1 


2 



Timer/Counter 

Mnemonic 

MOV A, T 
MOV T, A 
STRTT 
STRT CNT 
STOP TGNT 
EN TCNT1 
DIS TCNT1 



Description 

Read timer/counter 

Load timer/counter 

Start timer 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 



Byl 



tes Cycles 



Control 






Mnemonic 


Description 


Bytes Cycles 


EN 1 


Enable external interrupt 




DIS 1 


Disable external interrupt 




SEL RBO 


Select register bank 




SEL RB1 


Select register bank 1 




SEL MBO 


Select memory bank 




SEL MB1 


Select memory bank 1 




ENT CLK 


Enable clock output on TO 





Mnemonic 

NOP 



Description 

No operation 



Bytes Cycles 

1 1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to + 1 50° C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



* NOTICE -.Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 



D.C. CHARACTERISTICS (ta = o°c to 70°c, vcc = vdd = sv ± 10%, Vss = ov) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage 

(All Except RESET, X1, X2) 


-.5 




.8 


V 




V|L1 


Input Low Voltage 
(RESET, X1, X2) 


-.5 




.6 


V 




V|H 


Input High Voltage 


2.0 




v C c 


V 




(All Except XTAL1, XTAL2, RESET) 


V|H1 




3.8 




v C c 


V 




Input High Voltage (X1, X2, RESET) 


vol 


Output Low Voltage (BUS) 






.45 


V 


Iql = 2.0 mA 


V L1 


Output Low Voltage 
(RD, WR, PSEN, ALE) 






.45 


V 


I l = 1.8 mA 


v OL2 


Output Low Voltage (PROG) 






.45 


V 


I l = 1.0 mA 


v OL3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


Iql = 1.6 mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


l OH =-400 /uA 


v OH1 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


l OH = - 1 °0 M A 


v OH2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


I OH = -40mA 


•u 


Input Leakage Current (T1, INT) 






+ 10 


MA 


VSS<V|N<VCC 


'lm 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


fiA 


VSS + -45<V| N <V C c 


'lo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






±10 


MA 


V SS + .45<V, N <V CC 


'dd 


V DD Supply Current 




5 


10 


mA 




"dd + 
'cc 


Total Supply Current 




50 


100 


mA 





BUS, P1, P2 




-100 (ik 
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A.C, CHARACTERISTICS (T A = o°cto70°c,Vcc = VDD := 5V±io%,Vss=ov) 


Symbol 


Parameter 


f (tCY) 
(Note 3) 


11 MHz 


Unit 


Conditions 
(Note 1) 


Min. 


Max. 


*LL 


ALE Pulse Width 


7/30 t CY -170 


150 




ns 




*AL 


Addr Setup to ALE 


1/5t CY -110 


160 




ns 




*LA 


Addr Hold from ALE 


1/15 t CY -40 


50 




ns 




^Cl 


Control Pulse Width (RD, WR) 


1/2 t CY -200 


480 




ns 




l CC2 




2/5 t CY -200 


350 




ns 




Control Pulse Width (PSEN) 


l DW 


Data Setup before WR 


13/30 t CY -200 


390 




ns 




! WD 


Data Hold after WR 


1/5 t CY -150 


120 




ns 


(Note 2) 


tDR 




1/10t CY -30 





110 


ns 




Data Hold (RD, PSEN) 


*RD1 


RD to Data in 


2/5 t CY -200 




350 


ns 




l RD2 




3/10 t CY -200 




210 


ns 




PSEN to Data in 


*AW 


Addr Setup to WR 


2/5t CY -150 


300 




ns 




! AD1 


Addr Setup to Data (RD) 


23/30 t CY -250 




750 


ns 




*AD2 




3/5 t CY -250 




480 


ns 




Addr Setup to Data (PSEN) 


*afci 


Addr Float to RD, WR 


2/15 t CY -40 


140 




ns 




t AFC2 




1/30 t CY -40 


10 




ns 




Addr Float to PSEN 


*LAFC1 


ALE to Control, (RD, WR) 


1/5t CY -75 


200 




ns 




t LAFC2 




1/10 t CY -75 


60 




ns 




ALE to Control (PSEN) 


*CA1 




1/15 t CY -40 


50 




ns 




Control to ALE (RD, WR, PROG) 


l CA2 




4/15t CY -40 


320 




ns 




Control to ALE (PSEN) 


*CP 




1/10 t CY -40 


100 




ns 




Port Control Setup to PROG 


*PC 




4/15 t cy -200 


160 




ns 




Port Control Hold to PROG 


*PR 




17/30 t CY -120 




650 


ns 




PROG to P2 Input Valid 


*PF 




1/10 t CY 





140 


QS 




Input Data Hold from PROG 


*DP 


Output Data Setup 


2/5t cy -150 


400 




ns 




*PD 


Output Data Hold 


1/10t CY -50 


90 




ns 




tpp 


PROG Pulse Width 


7/10 t CY -250 


700 




ns 




tPL 


Port 2 I/O Setup to ALE 


4/15 t CY -200 


160 




ns 




t Lp 


Port 2 I/O Hold to ALE 


1/10 t CY -100 


40 




ns 




tpy 


Port Output from ALE 


3/10 t CY +100 




510 


ns 




l CY 


Cycle Time 




1.36 




MS 




*OPRR 


to Rep Rate 


3/15 t CY 


270 




ns 





Notes: 

1. Control Outputs CL = 80pF 
BUS Outputs CL = 150pF 



2. BUS High Impedance Load 20pF 
5-56 



3. Calculated values will be equal 

to or better than published 8049 values. 
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WAVEFORMS 



— »LL— *"| T LAFC2 * — 

J L_ 



-*j «AL — 



TCC2 



H 



T LAFC1 



1 -J 



J L 



"*- T CA2 



I**- «CC1 ~*\ <CA1 p— 



II. *afci-*| h— -»J k-t| 

, ~ H ! DR p~ „«_^ [FLOAT ING ' 

FLOATING )( *")( FLOATINcT)( )( FLOATING ) ( BUS FLOATING \ J ADDRESs)( | Y DATA ^ I 

ADDRESS |^_ tRD2 _^ INSTRUCTION I \m— J t RD1 



Instruction Fetch From External Program Memory 

H T LAFC1 H 

«j 1 ' r — l 

L — tcC1— m\ t C A1 U— 



Read From External Data Memory 



*DW-| 



\~\ 



twD 



BUS FLOATING^ADDRESS^FLOATINGy DATA ^FLOATING 
— tAW J 

Write to External Data Memory 



2.4V • 
0.4SV • 



)SEE™E3)C 



Input and Output for A.C. Tests 



PORT 2 EXPANDER TIMING 



V V 



EXPANDER 
PORT 



DC 



DC 



J — V 



Y PORT 20-23 DATA Y PORT CONTROL Yj 



-«PL- 



■ILPH 



Y PORT 20-23 DATA Y 



- *DP - 



PORT CONTROL X| OUTPUT DATA 



[* «CA1 

:>c 



PORT CONTROL 






Vi INPUT V 

A ° AT » A 
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tPOSOGMAGW 



I/O PORT TIMING 



1ST CYCLE 

L-.pl — 


2ND CYCLE 

/ — ^""~1 




... / \ I ) 


/ \ 






| 


PSEN V / 




V 


output A PCH A P0RT 20 * 23 DATA A NEW P20 ' 23 DATA A PCH 


I 




P24-27 \# 

P10-17 PORT 24-27, PORT 10-17 DATA I NEW PORT DATA 

output A 









OSCILLATOR MODE 



LC OSCILLATOR MODE 



r 



C1 



i jl 6 * 

■ J - CD 

x 



C2;s; 




C3 

C1 = 5pF ± 1/2pF ♦ STRA\ SpF 
C2 = CRYSTAL ± STRAY < SpF 
C3 = 20pF + 1pF ± STRAY < SpF 



CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 75 (l AT 6MHz; LESS THAN 
180 HAT 3.6MHz. 



27i"VLC' 

C = 3CPP 

Cppw 5-10 pF 
. PIN-TO-PIN 

■ Z CAPACITANCE 



45 n» 20pF 

120 n H 20pF 



5.2 MHz 
3.2 MHz 



EACH C SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STRAY CAPACITANCE. 



DRIVING FROM 
EXTERNAL SOURCE 



-O 



470 




FOR THE 8048, XTAL1 MUST BE HIGH 
35-65% OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-65% OF THE PERIOD. 



RISE AND FALL TIMES MUST 
NOT EXCEED 20ns. 
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MCS-48® INPUT/OUTPUT EXPANDER 



Low Cost 

Simple Interface to MCS-48® 

Microcomputers 

Four 4-Bit I/O Ports 

AND and OR Directly to Ports 



24-Pin DIP 

Single 5V Supply 

High Output Drive 

Direct Extension of Resident 8048 I/O 

Ports 



The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O 
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 
combines low cost, single supply voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to 
the MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O 
expansion, and also allows multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 
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Figure 2. 8243 
Pin Configuration 



Figure 1. 8243 
Block Diagram 
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Table 1. Pin Description 


Symbol 


Pin No. 


Function 


PROG 


7 


Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23, and a low to high transi- 
tion signifies that data is available 
on P20-P23. 


CS 


6 


Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 


P20-P23 


11-8 


Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 
sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if a read operation. 


GND 


12 


volt supply. 


P40-P43 


2-5 


Four (4) bit bi-directional I/O ports. 


P50-P53 


1, 23-21 


May be programmed to be input 


P60-P63 


20-17 


(during read), low impedance 


P70-P73 


13-16 


latched output (after write), or atri- 
state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 


vcc 


24 


+5 volt supply. 



FUNCTIONAL DESCRIPTION 
General Operation 

The 8243 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as ports 4-7. The following operations may 
be performed on these ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/8748/ 
8035. 



Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power on sequence is 
initiated if VCC drops below 1V. 



P21 P20 


Address 
Code 


P23 


P22 


Instruction 
Code 




1 

1 

1 1 


Port 4 
Port 5 
Port 6 
Port 7 





1 
1 



1 


1 


Read 
Write 
ORLD 
ANLD 


Write Modes 









The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes it to the port. Operation code and port ad- 
dress are latched from the input port 2 on the high 
to low transition of the PROG pin. On the low to high 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 
After the logic manipulation is performed, the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code 
and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina- 
ted by a low to high transition of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped- 
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0° C to 70° C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5 V to +7V 

Power Dissipation 1 Watt 



* NOT ICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS T A = o o cto70°c, v C c = 5V 10% 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test 
Conditions 


VIL 


Input Low Voltage 


-0.5 




0.8 


V 




VIH 


Input High Voltage 


2.0 




VCC+0.5 


V 




VOL1 


Output Low Voltage Ports 4-7 






0.45 


V 


IOL = 4.5 mA* 


VOL2 


Output Low Voltage Port 7 






1 


V 


IOL = 20 mA 


VOH1 


Output High Voltage Ports 4-7 


2.4 






V 


IOH = 240/uA 


UL1 


Input Leakage Ports 4-7 


-10 




20 


MA 


Vin = VCC to OV 


HL2 


Input Leakage Port 2, CS, PROG 


-10 




10 


MA 


Vin = VCC to OV 


VOL3 


Output Low Voltage Port 2 






.45 


V 


IOL = 0.6 mA 


ICC 


VCC Supply Current 




10 


20 


mA 




VOH2 


Output Voltage Port 2 


2.4 








IOH = 100/uA 


IOL 


Sum of all IQL from 16 Outputs 






72 


mA 


4.5 mA Each Pin 



*See following graph for additional sink current capability 



A.C. CHARACTERISTICS t a = o°c to 70°c, v C c = sv 10% 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tA 


Code Valid Before PROG 


100 




ns 


80 pF Load 


tB 


Code Valid After PROG 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


tD 


Data Valid After PROG 


20 




ns 


20 pF Load 


tH 


Floating After PROG 





150 


ns 


20 pF Load 


tK 


PROG Negative Pulse Width 


700 




ns 




tcs 


CS Valid Before/ After PROG 


50 




ns 




tPO 


Ports 4-7 Valid After PROG 




700 


ns 


100 pF Load 


tLP1 


Ports 4-7 Valid Before/ After PROG 


100 




ns 




tACC 


Port 2 Valid After PROG 




650 


ns 


80 pF Load 




TEST POINTS 
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WAVEFORMS 



\ 



A 
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Y INSTRUCTION Y FLOAT Y DATA Y 



»IP 



X 



■^■ f cs-*"- 



- *ACC- 



PREVIOUS OUTPUT VALID 



\a output N/ 

A _T A 



- { PO- 



X 



OUTPUT 
VALID 



«IP 



X 



t-'CS* 
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125 








100 








< 










O 










>j, 


75 


— 






z 
111 
c 

a 






GUARANTEED WORST CASE >w 




o 






CURRENT SINKING CAPABILITIES >. 










OF ANY I/O PORT PIN vs. TOTAL N^ 




<a 


50 


— 


SINK CURRENT OF ALL PINS >. 




o 

i- 


25 


I 


II Ill 














1 


2 3 4 5 6 7 8 9 10 11 12 13 






MAXIMUM SINK CURRENT ON ANY PIN @ .45V 








MAXIMUM IQL WORST CASE PIN (mA) 





Figure 3 



Sink Capability 



The 8243 can sink 5 mA @ .45V on each of its 1 6 I/O 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line 
increases as is shown by the accompanying curve. 

For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines areto sink 9 mA the total IOL must not 
exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TTL loads (1 .6 mA) 
assuming remaining pins are unloaded? 

lOL = 5x 1.6 mA = 8 mA 
elOL = 60 mA from curve 
# pins = 60 mA •*- 8 mA/pin = 7.5 = 7 

in this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 



Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 



An 8243 will drive the following loads simul- 
taneously. 



2 loads— 20 mA @ 1 V (port 7 only) 

8 loads— 4 mA@ .45V 

6 loads— 3.2 mA @. 45V 

Is this within the specified limits? 



elOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 
From the curve: for IOL = 4 mA, «lOL w 93 mA. 
since 91.2 mA < 93 mA the loads are within 
specified limits. 



Although the 20 mA @ 1V loads are used in 
calculating elOL it is the largest current re- 
quired @ .45V which determines the maximum 
allowable elOL- 



NOTE: A10 to 50KO pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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Figure 4. Expander Interface 
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Figure 5. Output Expander Timing 



CO 
CO 

c= 



7T 



KO 
co 
CO 

ICO 



PROG P20-3 



7T 



CO 
CO 
CO 
KO 



PROG P2Q-3 



CO 

CO 

CO 

£0 



7> 



CO 
CO 
CO 
KO 



Figure 6. Using Multiple 8243's 
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MCS-80/85™ Q 

Microprocessors 



intel 



8080 A/8080 A-1 /8080A-2 
8-BIT NCHANNEL MICROPROCESSOR 



■ TTL Drive Capability 

■ 2 /is (- 1:1.3 /is, - 2:1.5 jxs) Instruction 
Cycle 

■ Powerful Problem Solving Instruction 
Set 

■ 6 General Purpose Registers and an 
Accumulator 

■ 16-Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 



■ 16-Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal, Binary, and Double Precision 
Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 



The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 1 6-bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 

NOTE: 

The 8080A is functionally and electrically compatible with the Intel® 8080. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


A 15 .A 





Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices. Aq is the least significant address bit. 


D 7 -D 


I/O 


Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 
8080A outputs a status word on the data bus that describes the current machine cycle Do is the least 
significant bit. 


SYNC 





Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 


DBIN 





Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O. 


READY 




Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending 
an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate for as long as 
the READY line is low. READY can also be used to single step the CPU. 


WAIT 





Wait: The WAIT signal acknowledges that the CPU is in a WAITstate. 


WR 





Write: The WR signal is used for memory WRITE or I/O output control. The data on the data bus is stable 
while the WR signal is active low (WR = 0). 


HOLD 


I 


Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 

device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of 

these busses for the current machine cycle. It is recognized under the following conditions: 

» the CPU is in the HALT state. 

• the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 

the CPU ADDRESS BUS (A15-A0) and DATA BUS (D 7 -D ) will be in their high impedance state. The CPU 

acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin. 


HLDA 





Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data 
and address bus will go to the high impedance state. The HLDA signal begins at: 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of 02- 


INTE 





Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction 
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal. 


INT 


1 


Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is reset it will 
not honor the request. 


RESET 1 


1 


Reset: While the RESETsignal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location in memory. The INTE and HLDA flip/flops are also reset. Note that the 
flags, accumulator, stack pointer, and registers are not cleared. 


v S s 




Ground: Reference. 


Vdd 




Power: +12 ±5% Volts. 


v C c 




Power: +5 ±5% Volts. 


V B B 




Power: -5 ±5% Volts. 


</>1- </>2 




Clock Phases: 2 externally supplied clock phases, (non TTL compatible) 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70° C 

Storage Temperature -65°C to +150°C 

All Input or Output Voltages 

With Respect to V BB -0.3V to +20V 

Vrjo V DD and V ss With Respect to V BB -0.3V to +20V 
Power Dissipation 1.5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v DD = +12V ±5%, 

V C C = +5V ±5%, V B B = -5V ±5%, V SS 



=0V; unless otherwise noted) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 


Iql = 1.9mA on all outputs, 
"lOH= "150mA. 

Operation 
Tqy = -48 Msec 

Vss<V IN <V C c 
Vss < VCLOCK < V DD 
Vss<V, N <V ss +0.8V 
Vss+0.8V<V, N <V C c 

Vaddr/data = V C c 
Vaddr/data = Vss + 0.45V 


V IHC 


Clock Input High Voltage 


9.0 




V DD +1 


V 


V|L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 


V,H 


Input High Voltage 


3.3 




Vcc+1 


V 


Vol 


Output Low Voltage 






0.45 


V 


V H 


Output High Voltage 


3.7 






V 


>DD (AV) 


Avg. Power Supply Current (Vqd) 




40 


70 


mA 


'CC(AV) 


Avg. Power Supply Current (Vcrj) 




60 


80 


mA 


Ibb(av) 


Avg. Power Supply Current (V BB ) 




.01 


1 


mA 


"IL 


Input Leakage 






±10 


MA 


ICL 


Clock Leakage 






±10 


ma 


l DL [2) 


Data Bus Leakage in Input Mode 






-100 
-2.0 


ma 

mA 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+10 
-100 


J"A 



CAPACITANCE (T A = 25°c, v cc = v DD =v ss = ov, v BB = -5V) 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


c 


Clock Capacitance 


17 


25 


pf 


f c = 1 MHz 


C IN 


Input Capacitance 


6 


10 


Pf 


Unmeasured Pins 


C OUT 


Output Capacitance 


10 


20 


pf 


Returned to Vss 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. AI supply / AT A = -0.45%/° C. 




+25 +50 

AMBIENT TEMPERATURE (°C) 



Typical Supply Current vs. 
Temperature, Normalized^ 



,[3] 
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A.C. CHARACTERISTICS (8080A) (t a = o°c to 70°c, v DD 

V B B=-5V±5%,V S s = 



= +12V ±5%, V C c = 
OV; unless otherwise 



+5V ±5%, 
noted) 



Symbol 


Parameter 


Min. 


Max. 


•1 
Min. 


•1 

Max. 


-2 

Min. 


•2 
Max. 


Unit 


Test Condition 


tcY® 


Clock Period 


0.48 


2.0 


0.32 


2.0 


0.38 


2.0 


Msec 




tr.tf 


Clock Rise and Fall Time 





50 





25 , 


1 


50 


nsec 


t0i 


01 Pulse Width 


60 




50 




60 




nsec 


*02 


2 Pulse Width 


220 




145 




175 




nsec 


*D1 


Delay 0-j to 2 

















nsec 


*D2 


Delay 2 to 0-\ 


70 




60 




70 




nsec 


*D3 


Delay 0| to 2 Leading Edges 


80 




60 




70 




nsec 


*DA 


Address Output Delay From 2 




200 




150 




175 


nsec 


= 


. C L =100pF 
. C L =50pF 


*DD 


Data Output Delay From 2 




220 




180 




200 


nsec 


*DC 


Signal Output Delay From 2 or 2 (SYNC, WR, WAIT, HLDA) 




120 




110 




120 


nsec 


tDF 


DBIN Delay From 2 


25 


140 


25 


130 


25 


140 


nsec 


tDlPl 


Delay for Input Bus to Enter Input Mode 




tDF 




tDF 




tDF 


nsec 


C L =50pF 


*DS1 


Data Setup Time During 0-\ and DBIN 


30 




10 




20 




nsec 


*DS2 


Data Setup Time to 2 During DBIN 


150 




120 




130 




nsec 


tDH' 1 l 


Data Holt time From 2 During DBIN 


[1] 




HI 




[1] 




nsec 


t|E 


INTE Output Delay From 2 




200 




200 




200 


nsec 


tRS 


READY Setup Time During 2 


120 




90 




90 




nsec 


*HS 


HOLD Setup Time to 2 


140 




120 




120 




nsec 


tis 


INT Setup Time During 2< 


120 




100 




100 




nsec 


tH 


Hold Time From 2 (READY, INT, HOLD) 

















nsec 


tFD 


Delay to Float During Hold (Address and Data Bus) 




120 




120 




120 


nsec 


*AW 


Address Stable Prior to WR 


[5] 




[5] 




[5] 




nsec 




C|_= 100 pF: Address, Data 
'Cl^O pF: WR,HLDA,DBIN 


*DW 


Output Data Stable Prior to WR 


[6] 




[6] 




[6] 




nsec 


l WD 


Output Data Stable From WR 


[7] 




[7] 




[7] 




nsec 


tWA 


Address Stable From WR 


[7] 




[7] 




[7] 




nsec 


<HF 


HLDA to Float Delay 


[8] 




[8] 




[8] 




nsec 


tWF 


WR to Float Delay 


[9] 




[9] 




[9] 




nsec 


tAH 


Address Hold Time After DBIN During HLDA 


-20 




-20 




-20 




nsec 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



^C L =100pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



u,u - 
SYNC 



A 



A 






A 



T V 



Dzzr. 



DC I - * - ~ *" X DC I - " -- 






A 






ur 



u 






r^®:t 



A. 



^;:z:~i 



ijpfflc 



r^L 



DATA OUT 



♦dc^T 



Dpi 



:nc 




NOTE: 

Timing measurements are made at the following reference voltages: CLOCK "V = 8.0V, 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V 
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WAVEFORMS (Continued) 



0, J 


r\ i 


V 












\ 




1 




L_J L \_ : 






Vd 


-• 


A 16 A *"' 




- t- 






■*- 


— Ht w 


A 


.-. 


D 7 -D K- 
SYNC 






_JL 


. — h t w 


D 




DBIN 








„ 


«. *AH 


j 


i 


Wfi 










*DC 


— 


Jf— «WF * 




READY 
WAIT 




r- 




HOLD 








HLDA 


~* 


tnrU- 






nr 






J— 

INT 








■*-*!£-*■ 






INTE 


_j 


E— 















NOTES: (Parenthesis gives -1 , -2 specifications, respectively) 

1. Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. 

tpH = 5° ns or *df. whichever is less. 

2. t C Y = * D3 + t r02 + ^2 + tty2 + t D2 + t r ^ > 480 ns ( - 1 :320 
ns, - 2:380 ns). 

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 























^•SFEC 













12. 



13. 



A CAPACITANCE (pf) 



3. The following are relevant when interfacing the 8080A to 
devices having Vih = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ C|_ 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl 
= SPEC. 

c) If C L = SPEC, add .6ns/pF if Cl > Cspec> subtract .3ns/pF 
(from modified delay) if Cl < Cspec- 

4. t A w = 2t C Y- t D3 - t r< £ 2 - 140 ns(- 1:110 ns, -2:130 ns). 

5. t D w = *cy ~ *D3 _ *r02 - 170 ns ( - 1:150 ns, - 2:170 ns). 

6. If not HLDA, tyvD = *WA = *D3 + l r02 + 10 ns. If HLDA, ty/vD 
= twA = *WF- 

tHF = t D 3 + *r02 -50 ns). 
twF = *D3 + x r<j>2 ~ 1 °ns. 

Data in must be stable for this period during DBIN T3. 
Both tosi and tos2 mu st be satisfied. 
Ready signal must be stable for this period during T2 or Tw- 
(Must be externally synchronized.) 

Hold signal must be stable for this period during T 2 or Tw 
when entering hold mode, and during T3, T4, T 5 and Twh 
when in hold mode. (External synchronization is not re- 
quired.) 

Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re- 
quired.) 

This timing diagram shows timing relationships only; it does 
not represent any specific machine cycle. 
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INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CM A complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Data and Instruction Formats 

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
same format. 



D 7 D 6 D 5 D 4 D 3 D 2 Dt D 



DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions 



D 7 D 6 D 5 D 4 D 3 D 2 Di D 



Two Byte Instructions 



D 7 D 6 D 5 D 4 D 3 D 2 Dt 


Do 


D 7 D 6 D 5 D 4 D 3 D 2 Dt 


Do 


Three Byte Instructions 


D 7 D 6 D 5 D 4 D 3 D 2 D, 


Do 


D 7 D 6 D 5 D 4 D 3 D 2 Dt 


Do 


D 7 D 6 D 5 D 4 D 3 D 2 Dt 


Do 



OPCODE 



OPCODE 
OPERAND 

OPCODE 

LOW ADDRESSOR OPERANDI 

HIGH ADDRESSOR OPERAND 2 



TYPICAL INSTRUCTIONS 

Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 



Immediate mode or I/O instructions 



Jump, call or direct load and store 
instructions 



For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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Table 2. Instruction Set Summary 















Clock 
















Clock 




Instruction Code [1 




Operations 


Cycles 






Instruction Code [1 




Operations 


Cycles 


Mnemonic 


D7 D 6 D 5 O4 D3 D2 Df Dq 


Description 


[2] 




Mnemonic 


D7 Dq D5 D4 D3 D2 D1 Dq 


Description 


[2] 


MOVE, LOAD, AND STORE 








JPO 


1110 





1 





Jump on parity odd 


10 


M0Vr1,r2 


1 


D D 


D S S 


s 


Move register to register 


5 




PCHL 


1110 1 








1 


H & L to program 


5 


MOV M,r 


1 


1 1 


OSS 


s 


Move register to 
memory 


7 














counter 




CALL 














MOV r,M 


1 


D D 


D 1 1 





Move memory to regis- 






CALL 


110 1 


1 





1 


Call unconditional 


17 












ter 


7 




CC 


110 11 


1 








Call on carry 


11/17 


MVIr 





D D 


D 1 1 





Move immediate regis- 






CNC 


110 10 


1 








Call on no carry 


11/17 












ter 


7 




CZ 


110 1 


1 








Call on zero 


11/17 


MVIM 





1 1 


1 1 





Move immediate 






CNZ 


110 


1 








Call on no zero 


11/17 












memory 


10 




CP 


11110 


1 








Call on positive 


11/17 


LXIB 











1 


Load immediate register 
Pair B & G 


10 




CM 
CPE 


11111 

1110 1 


1 
1 







0. 


Call on minus 
Call on parity even 


11/17 
11/17 


LXID 





1 





1 


Load immediate register 
PairD&E 


10 




CPO 


1 1 1 


1 








Call on parity odd 


11/17 


RETURN 














LXIH 





1 





1 


Load immediate register 


10 




RET 


110 1 








1 


Return 


10 












Pair H & L 






RC 


110 11 











Return on carry 


5/11 


STAXB 








1 





Store A indirect 


7 




RNC 


110 10 











Return on no carry 


5/11 


STAXD 





1 


1 





Store A indirect 


7 




RZ 


110 1 











Return on zero 


5/11 


LDAXB 








1 1 





Load A indirect 


7 




RNZ 


110 











Return on no zero 


5/11 


LDAXD 





1 


1 1 





Load A indirect 


7 




RP 


1111.0 











Return on positive 


5/11 


STA 





1 1 


1 





Store A direct 


13 




RM 


11111 











Return on minus 


5/11 


LDA 





1 1 


1 1 





Load A direct 


13 




RPE 


1110 1 











Return on parity even 


5/11 


SHLD 
LHLD 






1 
1 


1 

1 1 






Store H & L direct 
Load H & L direct 


16 
16 




RPO 


1110 











Return on parity odd 


5/11 


RESTART 














XCHG 




1 


1 1 


1 


Exchange D & E, H & L 
Registers 


4 




RST 


1 1 A A A 


1 


1 


1 


Restart 


11 


INCREMEN 

INRr 


T AND DECREMENT 

D D D 1 








Increment register 


5 


STACK OPS 














PUSHB 







1 


1 


Push register Pair B & 


11 




DCRr 


D D D 


1 





1 


Decrement register 


5 












C on stack 






INRM 


110 


1 








Increment memory 


10 


PUSHD 




1 


1 


1 


Push register Pair D & 
E on stack 


11 




DCRM 
INXB 


110 



1 






1 


1 
1 


Decrement memory 
Increment B&C 


10 
5 


PUSHH 




1 


1 


1 


Push register Pair H & 


11 














registers 














L on stack 






INXD 


10 





1 


1 


Increment D & E 


5 


PUSH 




1 1 


1 


1 


Push A and Flags 


11 














registers 




PSW 










on stack 






INXH 


10 





1 


1 


Increment H & L 


5 


POPB 










1 


Pop register Pair B & 


10 














registers 














C off stack 






DCXB 


1 





1 


1 


Decrement B&C 


5 


POPD 




1 





1 


Pop register Pair D & 


10 




DCXD 


11 





1 


1 


Decrement D & E 


5 


POPH 




1 





1 


E off stack 

Pop register Pair H & 


10 




DCXH 


10 1 





1 


1 


Decrement H & L 


5 


ADD 
























L off stack 






ADDr 


10 


s 


s 


s 


Add register to A 


4 


POP PSW 




1 1 





1 


Pop A and Flags 
off stack 


10 




ADCr 


10 1 


s 


s 


s 


Add register to A 
with carry 


4 


XTHL 




1 


1 


1 


Exchange top of 
stack, H & L 


18 




ADDM 
ADCM 


10 
10 1 


1 

1 


1 
1 






Add memory to A 
Add memory to A 


7 
7 


SPHL 




1 1 


1 


1 


H & L to stack pointer 


5 














with carry 




LXISP 





1 1 





1 


Load immediate stack 


10 




ADI 


110 


1 


1 





Add immediate to A 


7 












pointer 






ACI 


110 1 


1 


1 





Add immediate to A 


7 


INXSP 





1 1 


1 


1 


Increment stack pointer 


5 














with carry 




DCXSP 





1 1 


1 1 


1 


Decrement stack 
pointer 


5 




DADB 
DADD 
DADH 


1 
11 
1 1 












1 
1 
1 


AddB&CtoH&L 
Add D & E to H & L 
Add H & L to H & L 


10 
10 
10 


JUMP 














JMP 


1 1 





1 


1 


Jump unconditional 


10 




DADSP 


111 








1 


Add stack pointer to 


10 


JC 


1 1 


1 


1 1 





Jump on carry 


10 














H&L 




JNC 


1 1 


1 


1 





Jump on no carry 


10 


















JZ 


1 1 





1 1 





Jump on zero 


10 


















JNZ 


1 1 





1 





Jump on no zero 


10 


















JP 


1 1 


1 1 


1 





Jump on positive 


10 


















JM 


1 1 


1 1 


1 1 





Jump on minus 


10 


















JPE 


1 1 


1 


1 1 





Jump on parity even 


10 
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Summary of Processor Instructions (Cont.) 









Clock 




Instruction Code [1] 


Operations 


Cycles 


Mnemonic 


D7 De D5 D4 O3 D2 D-t Do 


Description 


[2] 


SUBTRACT 








SUBr 


1 1 s s s 


Subtract register 
from A 


4 


SBBr 


1 1 1 s s s 


Subtract register from 
A with borrow 


4 


SUBM 


10 10 110 


Subtract memory 
from A 


7 


SBBM 


10 11110 


Subtract memory from 
A with borrow 


7 


SUI 


110 10 110 


Subtract immediate 
from A 


7 


SBI 


110 11110 


Subtract immediate 
from A with borrow 


7 


LOGICAL 








ANAr 


1 1 s s s 


And register with A 


4 


XRAr 


1 01 01 s s s 


Exclusive Or register 
with A 


4 


ORAr 


101 1 s s s 


Or register with A 


4 


CMPr 


1 1 1 1 s s s 


Compare register with A 


4 


ANAM 


10 10 110 


And memory with A 


7 


XRAM 


10 10 1110 


Exclusive Or memory 
with A 


7 


ORAM 


10 110 110 


Or memory with A 


7 


CMPM 


10 111110 


Compare memory with 








A 


7 


ANI 


1110 110 


And immediate with A 


7 


XRI 


1110 1110 


Exclusive Or immediate 
with A 


7 


ORI 


11110 110 


Or immediate with A 


7 


CPI 


11111110 


Compare immediate 
with A 


7 



ROTATE 

RLC 
RRC 
RAL 

RAR 



SPECIALS 

CMA 
STC 
CMC 
DAA 



Instruction Code 11] 
D7 D6 D 5 D4 D 3 D 2 D-| D 









111 
1111 
10 111 



11111 













10 1111 
110 111 

111111 

10 111 



INPUT/OUTPUT 

IN 1 1 

OUT 1 1 



CONTROL 

El 
Dl 

NOP 
HLT 



110 11 
10 11 



1 1 

1 1 



1 



1 11 1 1 

110 11 



110 110 



Operations 
Description 



Rotate A left 

Rotate A right 

Rotate A left through 

carry 

Rotate A right through 

carry 



Complement A 
Set carry 

Complement carry 
Decimal adjust A 



Input 
Output 



Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 



Clock 
Cycles 

[21 



10 
10 



NOTES: 

1. DDD or SSS: B=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A= 1 1 1 . 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
*AII mnemonics copyright ®lntel Corporation 1977 
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8085A/8085A-2 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 ms Instruction Cycle (8085A); 
0.8 MS (8085A-2) 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 



Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 8080A- 
Compatible Interrupt 

Serial In/Serial Out Port 

Decimal, Binary and Double Precision 
Arithmetic 

Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 1 00% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/IO) and 8355/8755A 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A^2 is a faster version of the 8085A. 

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 81 55/81 56/8355/8755A memory products allow a direct interface with the 8085A. 



INTR 
i 


NTA RST6.5 TRAP 
f RST5.5 I RST7.5 I 

I I l I I 


I INTERRUPT CONTROL I 



SID SOD 

I t 

SERIAL I/O CONTROL 




8-BIT INTERNAL DATA BUS 



X 



INSTRUCTION 

DECODER 

AND 



TIMING AND CONTROL 



i t u i in . t i t r 

.KOUT J RDWR ALE SoSi IO/M | HLDA __]__ RESET 



STACK POINTER 



PROGRAM COUNTER 



ADDRESS BUFFER 



T 



Figure 1. 8085A CPU Functional Block Diagram 



3 C 



Xi c 

X2 C 

RESET OUT C 

SOD C 

SID C 

TRAP C 

RST7.5 C 

RST6.5 C 

RST5.5 C 

INTR C 

I NTA C 

ADo C 

AD1 C 

AD 2 C 

AD 3 C 

AD4 C 

AD 5 C 

AD6 C 

AD 7 C 

V S S C 



DATA/ADDRESS BUFFER 1 



¥ 



3 


vcc 


3 


HOLD 


3 


HLDA 


3 
3 


CLK (OUT) 


RESET IN 


3 


READY 


3 


IO/M 


3 
3 


Si 
RD 


3 


WR 


3 


ALE 


3 


So 


3 


A15 


3 


A14 


3 


A13 


3 


A12 


3 


AH 


3 


AlO 


3 


A9 


3 


A8 



Figure 2. 8085A Pin 
Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


A8-A15 





Address Bus: The most significant 
8 bits of the memory address or the 
8 bits of the I/O address, 3-stated 
during Hold and Halt modes and 
during RESET. 


AD _7 


I/O 


Multiplexed Address/Data Bus: 

Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (T state) 
of a machine cycle. It then becomes 
the data bus during the second and 
third clock cycles. 


ALE 





Address Latch Enable: It occurs 
during the first clock state of a ma- 
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 
information. ALE is never 3-stated. 


S , St , and IO/M* 





Machine Cycle Status: 

IO/M St So Status 

1 Memory write 

1 Memory read 

1 1 I/O write 
1 1 I/O read 

1 1 Opcode fetch 

1 1 1 Opcode fetch 
1 1 1 Interrupt 

Acknowledge 

Halt 

X X Hold 

X X Reset 
* = 3-state (high impedance) 
X = unspecified 

Si can be used as an advanced R/W 
status. IO/M, Sq and Si become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these lines. 


RD 





Read Control: A low level on RD 
indicates the selected memory or 
I/O device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET. 


WR 





Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or I/O location. Data is set 
up at the trailing edge of WR. 3- 
stated during Hold and Halt modes 
and during RESET. 



Symbol 


Type 


Name and Function 


READY 


I 


Ready: If READY is high during a 
read or write cycle, it indicates that 
the memory or peripheral is ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycles for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 


HOLD 


I 


Hold: Indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur- 
rent bus transfer. Internal process- 
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the_Address, 
Data RD, WR, and IO/M lines are 
3-stated. 


HLDA 





Hold Acknowledge: Indicates that 
the cpu has received the HOLD re- 
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 


INTR 


I 


Interrupt Request: Is used as a 
general purpose interrupt. It is 
sampled only during the next to the 
last clock cycle of an instruction 
and during Hold and Halt states. If it 
is active, the Program Counter (PC) 
will be inhibited from incrementing 
and an INTA will be issued. During 
this cycle a RESTART or CALL in- 
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software. It is disabled by Reset and 
immediately after an interrupt is ac- 
cepted. 


TnTa 





Interrupt Acknowledge: Is used in- 
stead of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 


RST 5.5 
RST 6.5 
RST 7.5 


I 


Restart Interrupts: These three in- 
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted. 

The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
■ individually masked out using the 
SIM instruction. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


TRAP 


I 


Trap: Trap interrupt is a non- 
maskable RESTART interrupt. It is 
recognized at the same time as 
INTR or RST 5.5-7.5. it is unaffected 
by any mask or Interrupt Enable. It 
has the highest priority of any inter- 
rupt. (See Table 2.) 


&ESET IN 


I 


Reset In: Sets the Program Coun- 
ter to zero and resets the Interrupt 
Enable and HLDA flip-flops. The 
data and address buses and the 
control lines are 3-stated during 
RESET and because of the 
asynchronous nature of RESET, the 
processor's internal registers and 
flags may be altered by RESET with 


unpredictable results. RESET IN is a 
Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long 


as RESET IN is applied. 



Symbol 


Type 


Name and Function 


RESET OUT 





Reset Out: Reset Out indicates cpu 
is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an integral number 
of clock periods. 


Xi, X 2 


I 


X-i and X 2 : Are connected to a 
crystal, LC, or RC network to drive 
the internal clock generator. X1 can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor's 
internal operating frequency. 


CLK 





Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the Xi, X 2 input period. 


SID 


I 


Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 


SOD 





Serial Output Data Line: The out- 
put SOD is set or reset as specified 
by the SIM instruction. 


v C c 




Power: +5 volt supply. 


v S s 




Ground: Reference. 



Table 2. Interrupt Priority, Restart Address, and Sensitivity 



Name 


Priority 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24H 


Rising edge AND high level until sampled. 


RST 7.5 


2 


3CH 


Rising edge (latched). 


RST 6.5 


3 


34H 


High level until sampled. 


RST 5.5 


4 


2CH 


High level until sampled. 


INTR 


5 


See Note (2). 


High level until sampled. 



NOTES: 

1. The processor pushes the PC on the stack before branching to the indicated address. 

2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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FUNCTIONAL DESCRIPTION 

The 8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz 
(8085A) or 5 MHz (8085A-2), thus improving on the present 
8080A's performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC's: The 
cpu (8085A), a RAM/IO (8156), and a ROM or EPROM/IO 
chip (8355 or 8755A). 

The 8085A has twelve addressable 8-bit registers. Four of 
them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The8085A register set is as follows: 

Mnemonic Register Contents 

ACCorA Accumulator 8 bits 



PC 
BC,DE,HL 

SP 



Program Counter 
General-Purpose 
Registers; data 
pointer (HL) 
Stack Pointer 



16- bit address 
8 bits x 6 or 
16 bits x 3 

16-bit address 
5flags(8-bitspace) 



Flags or F Flag Register 

The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest ofthe machine cyclethe data bus is 
used for memory or I/O data. 

The 8085A provides RD, WR, S , S 1f and IO/M si gnals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD and all Interrupts are synchronized 
with the processor's internal clock. The 8085A also pro- 
vides Serial Input Data (SID) and Serial Output Data 
(SOD) lines for simple serial interface. 

In addition to these features, the 8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 

INTERRUPT AND SERIAL I/O 

The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080A INT. Each of the three RESTART inputs, 5.5, 6.5, 
and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 

The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter in the 
stack and branching to the RESTART address) if the inter- 
rupts are enabled and if the interrupt mask is not set. The 
non-maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the interrupt 
enable or masks. (See Table 2.) 

There are two different types of inputs in the restart inter- 
rupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 5.2.7.) The RST 7.5 request flip-flop remains 



set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may al so be reset by using the 
SIM instruction or by issuing a RESET IN to the 8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interrupt is masked out. 

The status of the three RST interru pt masks c an only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 5. 

The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Note that the servicing 
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5. INTR) 
disables all future interrupts (except TRAPs) until an El 
instruction is executed. 



EXTERNAL 
TRAP 

INTERRUPT 
REQUEST 



|Oi 



L T~ S ) TRAP > 

nL— • INTERRUPT 
REQUEST 



INTERNAL TRAP F.F. 

TRAP 
ACKNOWLEDGE 



Figure 3. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 5. 

The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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DRIVING THE X| AND X 2 INPUTS 

You may drive the clock inputs of the 8085A or 8085A-2 
with a crystal, an LC tuned circuit, an RC network, or an 
external clock source. The driving frequency must be at 
least 1 MHz, and must be twice the desired internal clock 
frequency; hence, the 8085A is operated with a 6 MHz 
crystal (for 3 MHz clock), and the 8085A-2 can be operated 
with a 10 MHz crystal (for 5 MHz clock). If a crystal is used, 
it must have the following characteristics: 

Parallel resonance at twice the clock frequency desired 

Cl (load capacitance) < 30 pf 

C s (shunt capacitance) < 7 pf 

Rs (equivalent shunt resistance) < 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: ±.005% (suggested) 

Note the use of the 20 pF capacitor between X 2 and 
ground. This capacitor is required with crystal 
frequencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network for 
the 8085A, providing that its frequency tolerance of 
approximately ±10% is acceptable. The components 
are chosen from the formula: 



f = 



1 



To minimize variations in frequency, it is recommended 
that you choose a value for C e xt that is at least twice that 
of Cint, or 30 pF. The use of an LC circuit is not recom- 
mended for frequencies higher than approximately 5 MHz. 

An RC circuit may be used as the frequency-determining 
network for the 8085A if maintaining a precise clock fre- 
quency is of no importance. Variations in the on-chip 
timing generation can cause a wide variation in frequency 
when using the RC mode. Its advantage is its low com- 
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recom- 
mended that frequencies greatly higher or lower than this 
be attempted. 

Figure 4 shows the recommended clock driver circuits. 
Note in D and E that pullup resistors are required to assure 
that the high level voltage of the input is at least 4 V. 



For driving frequencies up to and including 6 MHz you 
may supply the driving signal to Xi and leave X2 open- 
circuited (Figue4D). If the driving frequency is from 6 MHz 
to 1 MHz, stability of the clock generator will be improved 
by driving both X1 and X2 with a push-pull source (Figure 
4E). To prevent self-oscillation of the 8085A, be sure that 
X2 is not coupled back to X1 through the driving circuit. 



27r\/L(Cext + Cint) 



r 



— I V//M 

T 20pF " l 



-cp- 

•20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY < 4 MHz ONLY. 

a. Quartz Crystal Clock Driver 



| C INT 
_L *15pF 



• L EXT «-!-» C EXT 



-C-- 



c* i 



b. LC Tuned Circuit Clock Driver 



;;20pf < 



-O 



c. RC Circuit Clock Driver 



-o 



47012., 
TO < 
1KJ2 « 



Low time > 60 ns 



Xi 



X 2 



*X 2 LEFT FLOATING 

d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 



Low time > 40 ns 



-L> 




Xi 



X 2 



e. 1-10 MHz Input Frequency External Clock 
Driver Circuit 



Figure 4. Clock Driver Circuits 
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GENERATING AN 8085A WAIT STATE 

If your system requirements are such that slow memories 
or peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each 
8085A machine cycle 

The D flip-flops should be chosen so that 

• CLK is rising edge-triggered 

• CLEAR is low-level active. 











\ 








TO 

8085A 
READY 
INPUT 


ALE*— ^ 

+5V *■ 


CLEAR 
CLK 

"D" 

F/F 


8085A 

CLK OUTPUT* — *. 

Q 


CLK 

"D" 

F/F 
D 


Q 








*ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH 
EXCEEDS 8085A IOL OR IOH. 



Figure 5. Generation of a Wait State for 8085A 
CPU 

As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085A can be used with 
slow memory. HOLD causes the cpu to relinquish the bus 
when it is through with it by floating the Address and Data 
Buses. 

SYSTEM INTERFACE 

The 8085A family includes memory components, which 
are directly compatible to the 8085A cpu. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 will have the following features: 

• 2K Bytes ROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit I/O Ports 

• 1 6-bit I/O Port 

• 4 Interrupt Levels 

• Serial In/Serial Out Ports 

This minimum system, using the standard I/O technique 
is as shown in Figure 6. 

In addition to standard I/O, the memory mapped I/O 
offers an efficient I/O addressing technique. With this 
technique, an area of memory address space is assigned 
for I/O address, thereby, using the memory address for 
I/O manipulation. Figure 7 shows the system configura- 
tion of Memory Mapped I/O using 8085A. 



The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 



jdOh. 



iii 



TRAP * HOLD 

RST7.5 HLDA 

8085A 

RST5.5 SID 

INTR . S, 

ro™ ADDR/ "OUT S ° 

ADDR DATA ALE RD VTR lO/ffl RDY CLK 



77 



C 



_L_L 



PORT 



CE 

wR 

_ PORT 

RD 8156 B 

ALE PORT 






^Idata/ c|<V> 
V 



lO/ffl TIMER 
OC «t OUT 



-♦NOTE: OPTIONAL CONNECTION 



RD 

ALE POR 
CE 

A 8-10 

8355/ 
8755A 

DATA/ 
ADDR 

lO/ti roRT 

RESET 

RDY 

CLK 



<£> 



30 

Vcc 



Vss V C c Vdd PROG 

VA 



Figure 6. 8085A Minimum System (Standard I/O 
Technique) 
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RESET 


TIMER 


WR 


RD 


ALE 


CE^ 


AD 


IO/M rj 


AD 


CE 


10/ 

M 


ALE 


RDlSWCLK 


1. 
1 

RSTjRDY 










\/"' 






v x/ , 


t 




TIMER « 
OUT 


8156 
[RAM + I/O + COUNTER/TIMER] 




8355 [ROM + I/O] 

OR 

8755A[PROM+ I/O] 




•NOTE: OPTION A 


LCO 


NNECTION I (6) I (8) (8) 




S 8 





Figure 7. MCS-85™ Minimum System (Memory Mapped I/O) 



rDh T' 



TRAP 
RST7 
RST6 
RST5 
INTR 
[NTS 
ADDR 



RESET IN 



HOLD 
HLDA 



RESET - 

ADDR/ OUT *0 

DATA ALE RD WR IO/M RDYCLK 




C 



OT 



10/ivi <cs) 

WR 



C> 



CLK 
RESET 
IO/M (CS) 
WR 
RD 

DATA 
STANDARD 



I/O PORTS, 
CONTROLS 

b 



-V*A — ^v cc 



Figure 8. MCS-85™ System (Using Standard Memories) 
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BASIC SYSTEM TIMING 

The 8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 

There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (IO/ M,, Si , So) and the three control 
signals (RD, WR, and INTA). (See Table 3.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the Ti 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states ( unless WAIT or HOLD states 
are forced by tne receipt of READY or HOLD inputs). Any 
Tstate must be one of ten possible states, shown in Table 4. 



Table 3. 8085A Machine Cycle Chart 




MACHINE CYCLE 


STATUS 


CONTROL 


IO/M 


S1 


so 


RD 


WR 


INTA 


OPCODE FETCH 


(OF) 





1 


1 





1 


1 


MEMORY READ 


(MR) 





1 








1 


1 


MEMORY WRITE 


(MW) 








1 


1 





1 


l/OREAD 


(IOR) 


1 


1 








1 


1 


I/O WRITE 


(IOW) 


1 





1 


1 





1 


ACKNOWLEDGE 
















OF INTR 


(INA) 


1 


1 


1 


1 


1 





BUS IDLE 


(Bl): DAD 

ACK. OF 
RSTTRAP 




1 


1 
1 




1 


1 
1 


1 
1 


1 
1 




HALT 


TS 








TS 


TS 


1 



Table 4. 8085A Machine State Chart 





Status & Buses 


Control 


Machine 
State 


S1.S0 


IO/M 


A8-A15 


AD -AD 7 


RD.WR 


INTA 


ALE 


Ti 


X 


X 


X 


X 


1 


1 


1* 


T 2 


X 


X 


X 


X 


X 


X 





TwAIT 


X 


X 


X 


X 


X 


X 





T 3 


X 


X 


X 


X 


X 


X 





T 4 


1 


Ot 


X 


TS 


1 







T 5 


1 


Ot 


X 


TS 


1 







T 6 


1 


Ot 


X 


TS 


1 







Treset 


X 


TS 


TS 


TS 


TS 







Thalt 





TS 


TS 


TS 


TS 







T HOLD 


X 


TS 


TS 


TS 


TS 








= Logic "0" 

1 = Logic "1" 



TS = High Impedance 
X = Unspecified 



* ALE not generated during 2nd and 3rd machine cycles of DAD instruction, 
t IO/M = 1 during T4-T6 of INA machine cycle. 
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RD 
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, 
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Y S^q (FETCH) 


Y 10 (READ) 


Y 01 WRITE 


X « 













Figure 9. 8085A Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature .-65° C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 


DV ±5%, V S s 


= 0V; unless otherwise specified) 


Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l 0L = 2mA 


V H 


Output High Voltage 


2.4 




V 


I oh =-400juA 


•cc 


Power Supply Current 




170 


mA 




'lL 


Input Leakage 




±10 


MA 


0*2 V| N ssVcc 


luo 


Output Leakage 




±10 


/xA 


0.45V <V out <V CC 


V| L R 


Input Low Level, RESET 


-0.5 


+0.8 


V 




v IHR 


Input High Level, RESET 


2.4 


V cc +0.5 


V 




V H Y 


Hysteresis, RESET 


0.25 




V 
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A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = ov ±5%, v S s = ov) 


Symbol 


Parameter 


8085A^ 


8085A-2OT 


Units 


Min. 


Max. 


Min. 


Max. 


*CYC 


CLK Cycle Period 


320 


2000 


200 


2000 


ns 


tl 


CLK Low Time (Standard CLK Loading) 


80 




40 




ns 


t 2 


CLK High Time (Standard CLK Loading) 


120 




70 




ns 


tr,tf 


CLK Rise and Fall Time 




30 




30 


ns 


*XKR 


X t Rising to CLK Rising 


30 


120 


30 


100 


ns 


*XKF 


X1 Rising to CLK Falling 


30 


150 


30 


110 


ns 


t AC 


A&.15 Valid to Leading Edge of Control 111 


270 




115 




ns 


UCL 


A _ 7 Valid to Leading Edge of Control 


240 




115 




ns 


*AD 


A . 15 Valid to Valid Data In 




575 




350 


ns 


*afr 


Address Float After Leading Edge of 
READ (INTA) 












ns 


tAL 


A 8 . 15 Valid Before Trailing Edge of ALE™ 


115 




50 




ns 


*all 


A _ 7 Valid Before Trailing Edge of ALE 


90 




50 




ns 


*ary 


READY Valid from Address Valid 




220 




100 


ns 


w 


Address (As-is) Valid After Control 


120 




60 




ns 


*cc 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 


400 




230 




ns 


t C L 


Trailing Edge of Control to Leading Edge 
of ALE 


50 




25 




ns 


tow 


Data Valid to Trailing Edge of WRITE 


420 




230 




ns 


^ABE 


HLDA to Bus Enable 




210 




150 


ns 


*HABF 


Bus Float After HLDA 




210 




150 


ns 


*HACK 


HLDA Valid to Trailing Edge of CLK 


110 




40 




ns 


*HDH 


HOLD Hold Time 












ns 


*HDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




120 




ns 


l INH 


INTR Hold Time 












ns 


t|NS 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


160 




150 




ns 


t L A 


Address Hold Time After ALE 


100 




50 




ns 


*LC 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




60 




ns 


^CK 


ALE Low During CLK High 


100 




50 




ns 


tl-DR 


ALE to Valid Data During Read 




460 




270 


ns 


*LDW 


ALE to Valid Data During Write 




200 




120 


ns 


t L L 


ALE Width 


140 




80 




ns 


*LRY 


ALE to READY Stable 




110 




30 


ns 
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A.C. CHARACTERISTICS (Continued) 


Symbol 


Parameter 


8085At 2 J 


8085A-2t 2 l 


Units 


Min. 


Max. 


Min. 


Max. 


*RAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




90 




ns 


*RD 


READ (or INTA) to Valid Data 




300 




150 


ns 


*RV 


Control Trailing Edge to Leading Edge 
of Next Control 


400 




220 




ns 


tRDH 














ns 


Data Hold Time After READ INTAi'J 


tRYH 


READY Hold Time 












ns 


tRYS 


READY Setup Time to Leading Edge 
of CLK 


110 




100 




ns 


X \ND 


Data Valid After Trailing Edge of WRITE 


100 




60 




ns 


X \NDL 


LEADING Edge of WRITE to Data Valid 




40 




20 


ns 



NOTES: _ 

1. A8-A 15 address Specs apply to IO/M, S , and S-| except A 8 -A-j 5 are undefined during T 4 -Tg of OF cycle 

whereas IO/M, S , andS-j are stable. 
2- lest conditions : t CYC = 320ns (8085A)/200ns (8085A-2); C L = 150pF. 

3. For aii output timing where C L = 150 pF use the following correction factors: 
25pF< C L < 150pF: -0.10ns/pF 

150pF< C L < 300pF: +0.30ns/pF 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output votage V L = 0.8V, V H = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of tcYC use Table 7. 

7. Data hold time is guaranteed under all loading conditions. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




* 
~> TEST POINTS <T 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



"1 
I 



C L = 150 pF 



C L = 150pF 

C L INCLUDES JIG CAPACITANCE 
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Table 5. Bus Timing Specification as a T CY c Dependent 



8085A 


l AL 


(1/2)T-45 




MIN 


t LA 


(1/2) T- 60 




MIN 


*!_!_ 


(1/2) T- 20 




MIN 


l LCK 


(1/2) T- 60 




MIN 


l LC 


(1/2) T- 30 




MIN 


*AD 


(5/2 + N)T- 


225 


MAX 


t RD 


(3/2 + N)T- 


180 


MAX 


l RAE 


(1/2)T-10 




MIN 


l CA 


(1/2) T- 40 




MIN 


*DW 


(3/2 + N)T- 


60 


MIN 


*WD 


(1/2) T- 60 




MIN 


t CC 


(3/2 + N) T - 


80 


MIN 


l CL 


(1/2) T- 110 




MIN 


l ARY 


(3/2) T - 260 




MAX 


t HACK 


(1/2) T- 50 




MIN 


t HABF 


(1/2)T + 50 




MAX 


t HABE 


(1/2)T + 50 




MAX 


t AC 


(2/2) T - 50 




MIN 


*1 


(1/2) T- 80 




MIN 


X 2 


(1/2) T- 40 




MIN 


*RV 


(3/2) T - 80 




MIN 


X LUK 


(4/2) T- 180 




MAX 



8085A-2 


l AL 


(1/2) T- 50 




MIN 


t|_A 


- (1/2) T- 50 




MIN 


X LL 


(1/2) T- 20 




MIN 


l LCK 


(1/2) T- 50 




MIN 


X \-C 


(1/2) T- 40 




MIN 


t AD 


(5/2 + N)T- 


150 


MAX 


*RD 


(3/2 + N)T- 


150 


MAX 


t RAE 


(1/2) T- 10 




MIN 


*CA 


(1/2) T- 40 




MIN 


t DW 


(3/2 + N) T - 


70 


MIN 


X \ND 


(1/2) T- 40 




MIN 


t CC 


(3/2 + N) T - 


70 


MIN 


t CL 


- (1/2) T- 75 




MIN 


*ARY 


(3/2) T - 200 




MAX 


t HACK 


(1/2) T- 60 




MIN 


t HABF 


(1/2) T + 50 




MAX 


t HABE 


- (1/2)T + 50 




MAX 


*AC 


- (2/2) T - 85 




MIN 


*1 


(1/2) T- 60 




MIN 


X 2 


- (1/2) T- 30 




MIN 


*RV 


(3/2) T - 80 




MIN 


tLDR 


- (4/2) T- 130 




MAX 



NOTE: 



N is equal to the total WAIT states. 
T = t C YC- 



N is equal to the total WAIT states. 

T = t CY C- 



WAVEFORMS 
























CLOCK 










/ 












Xi INPUT -J 

CLK 
OUTPUT __ 


I 

*XKR 


V_ 


1 


' \ 




\ 

to 


J v_ 


1 


\ 






t r ^ ^ 






1 




1 


£ 


J 
l XKF 


t 






- 










tCYC — 
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WAVEFORMS (Continued) 



READ 



I T, | T 2 | T 3 | 

-\—J \ t \ / V 



"-_j: 



31 



-Jt 



X 



;> — ww% . 



r^t 



r 



- l CA- 



- 1 cl — *• r 



WRITE 



Y_7 U^ \ I V 



3: 



AD ° _AD7 Z3 ! 



H" 



\ 



J 



*LC - C - 



— *CA— 4 



/ 



£ 



JT 



READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES 
TO WRITE 



•A I 

-ZtZ 



•} 



""t 



5_ 

- *LCK — »- 



\ / \ / V 



> — <te 



., — t tc — s^ 

U t LRY > 



NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 



'^MM$ 



7777n, ■»»»■ 



df 



X 
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WAVEFORMS (Continued) 



HOLD 

clk\ 

HOLD 

HLDA 

BUS 


T 2 




T 3 




T HOLD 




T HO 

/ 


LD 




f 


/ 


\ 


/ 


J < 


/ 


\ 




\ 








J f. 






1 


t 


"1 


V 


) ) 

1 L_ 


\ 








— — 4U 
















7 


HACK 






L 


ir 






\ 


t 






U- L - t HABF- 




t HABE — 




(ADDRESS, CONTROLS) 






<: 


/ > ))- 









INTERRUPT AND HOLD 



um.,777 



XZD-C 



e ^l 



'( \ 



UJF 



-■^HDH 
*HACK " ■*- 



BUS FLOATING* 



*\ 



-f H 



CZZh-C 



^ 



\ 



\ 



*IO/M IS ALSO FLOATING DURING THIS TIME. 
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Table 6. Instruction Set Summary 





Instruction Code 




Operations 


Mnemonic 


D7 D 6 D 5 D 4 D 3 D 2 D 1 D 


Description 


MOVE, LOAD, AND STORE 








MOVrl r2 


1 D D 


D S S 


s 


Move register to register 


MOV M.r 


111 


OSS 


s 


Move register to memory 


MOV r.M 


1 D D 


D 1 1 





Move memory to register 


MVIr 


D D 


D 1 1 





Move immediate register 


MVIM 


11 


1 1 





Move immediate memory 


LXIB 








1 


Load immediate register 
Pair B & C 


LXID 


1 





1 


Load immediate register 
Pair D & E 


LXIH 


10 





1 


Load immediate register 
Pair H & L 


STAXB 





1 





Store A indirect 


STAXD 


1 


1 





Store A indirect 


LDAXB 





1 1 





Load A indirect 


LDAXD 


1 


1 1 





Load A indirect 


STA 


11 


1 





Store A direct 


LDA 


11 


1 1 





Load A direct 


SHLD 


10 


1 





Store H & L direct 


LHLD 


10 


1 1 





Load H & L direct 


XCHG 


1110 


1 1 


1 


Exchange D & E, H & L 
Registers 


STACK OPS 










PUSHB 


110 


1 


1 


Push register Pair B & 
C on stack 


PUSHD 


110 1 


1 


1 


Push register Pair D & 
E on stack 


PUSHH 


1110 


1 


1 


Push register Pair H & 
L on stack 


PUSH PSW 


1111 


1 


1 


Push A and Flags 
on stack 


POPB 


110 





1 


Pop register Pair B & 
C off stack 


POPD 


110 1 





1 


Pop register Pair D & 
E off stack 


POPH 


1110 





1 


Pop register Pair H & 
L off stack 


POP PSW 


1111 





1 


Pop A and Flags 
off stack 


XTHL 


1110 


1 


1 


Exchange top of 
stack, H & L 


SPHL 


1111 


1 


1 


H & L to stack pointer 


LXISP 


11 





1 


Load immediate stack 
pointer 


INXSP 


11 


1 


1 


Increment stack pointer 


DCXSP 


11 


1 1 


1 


Decrement stack 
pointer 


JUMP 










JMP 


110 


1 


1 


Jump unconditional 


JC 


110 1 


1 1 





Jump on carry 


JNC 


110 1 


1 





Jump on no carry 


JZ 


110 


1 1 





Jump on zero 


JNZ 


110 


1 





Jump on no zero 


JP 


1111 


1 





Jump on positive 


JM 


1111 


1 1 





Jump on minus 


JPE 


1110 


1 1 





Jump on parity even 


JPO 


1110 


1 





Jump on parity odd 


PCHL 


1110 


1 


1 


H & L to program 
counter 


CALL 










CALL 


110 


1 1 


1 


Call unconditional 


CC 


110 1 


1 1 





Call on carry 


CNC 


110 1 


1 





Call on no carry 





Instruction Code 




Operations 


Mnemonic 


D7 D 6 D 5 D 4 D3 D2 Di D 


Description 


CZ 


1 1 





1 


1 








Call on zero 


CNZ 


1 1 








1 








Call on no zero 


CP 


1 11 


1 





1 








Call on positive 


CM 


1 1 1 


1 


1 


1 








Call on minus 


CPE 


1 1 1 





1 


1 








Call on parity even 


CPO 


1 1 1 








1 








Call on Daritv odd 


RETURN 
















RET 


1 10 





1 








1 


Return 


RC 


1 1 


1 


1 











Return on carry 


RNC 


1 1 


1 














Return on no carry 


RZ 


1 1 





1 











Return on zero 


RNZ 


1 1 

















Return on no zero 


RP 


1 1 1 


1 














Return on positive 


RM 


1 1 1 


1 


1 











Return on minus 


RPE 


1 1 1 





1 











Return on parity even 


RPO 


1 1 1 

















Return on parity odd 


RESTART 
















RST 


1 1 A 


A 


A 


1 


1 


1 


Restart 


INPUT/OUTPUT 














IN 


1 1 


1 


1 





1 


1 


Input 


OUT 


1 1 


1 








1 


1 


Output 


INCREMENT AND DECREMENT 








INRr 


D 


D 


D 


1 








Increment register 


DCRr 


D 


D 


D 


1 





1 


Decrement register 


INRM 


1 


1 





1 








Increment memory 


DCRM 


1 


1 





1 





1 


Decrement memory 


INXB 














1 


1 


Increment B & C 
registers 


INXD 





1 








1 


1 


Increment D & E 
registers 


INX H 


1 











1 


1 


Increment H & L 
registers 


DCXB 








1 





1 


1 


Decrement B & C 


DCXD 





1 


1 





1 


1 


Decrement D & E 


DCXH 


1 





1 





1 


1 


Decrement H & L 


ADD 
















ADDr 


1 








s 


s 


s 


Add register to A 


ADCr 


1 





1 


s 


s 


s 


Add register to A 
with carry 


ADDM 


1 c 








1 


1 





Add memory to A 


ADCM 


1 





1 


1 


1 





Add memory to A 
with carry 


ADI 


1 1 








1 


1 





Add immediate to A 


ACI 


1 1 





1 


1 


1 





Add immediate to A 
with carry 


DAD B 








1 








1 


Add B & C to H & L 


DADD 





1 


1 








1 


Add D & E to H & L 


DADH 


1 





1 








1 


Add H & L to H & L 


DADSP 


1 


1 


1 








1 


Add stack pointer to 
H&L 


SUBTRACT 
















SUBr 


1 


1 





s 


s 


s 


Subtract register 
from A 


SBBr 


1 


1 


1 


s 


s 


s 


Subtract register from 
A with borrow 


SUBM 


1 


1 





1 


1 





Subtract memory 
from A 


SBBM 


1 


1 


1 


1 


1 





Subtract memory from 
A with borrow 


SUI 


1 1 


1 





1 


1 





Subtract immediate 
from A 


SBI 


1 1 


1 


1 


1 


1 





Subtract immediate 
from A with borrow 
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Table 6-1. Instruction Set Summary (Cont'd) 





Instruction Code 


Operations 


Mnemonic 


D7 D 6 D 5 D 4 D 3 D 2 D1 Do 


Description 


LOGICAL 






ANAr 


1 1 s s s 


And register with A 


XRAr 


1 1 1 s s s 


Exclusive OR register 
with A 


ORAr 


1 1 1 s s s 


OR register with A 


CMPr 


1 1 1 1 s s s 


Compare register with A 


ANAM 


10 10 110 


And memory with A 


XRAM 


10 10 1110 


Exclusive OR memory 
with A 


ORAM 


10 110 110 


OR memory with A 


CMPM 


10 111110 


Compare 
memory with A 


ANI 


1110 110 


And immediate with A 


XRI 


1110 1110 


Exclusive OR immediate 
with A 


ORI 


11110 110 


OR immediate with A 


CPI 


11111110 


Compare immediate 
with A 


ROTATE 






RLC 


111 


Rotate A left 


RRC 


1111 


Rotate A right 


RAL 


10 111 


Rotate A left through 
carry 


RAR 


11111 


Rotate A right through 
carry 



Mnemonic 


Instruction Code 
D7 D 6 D 5 D4 D3 D 2 D-i Do 


Operations 
Description 


SPECIALS 

CMA 

STC 
CMC 

DAA 


10 1111 

110 111 
111111 

10 111 


Complement 

A 

Set carry 

Complement 

carry 

Decimal adjust A 


CONTROL 

El 
Dl 

NOP 
HLT 


111110 11 
11110 11 
00000000 
1110 110 


Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 


NEW 8085A 

RIM 
SIM 


INSTRUCTIONS 

10 
110 


Read Interrupt Mask 
Set Interrupt Mask 



NOTES: 

1. DDSorSSS: B 000, C 001, D 010, E011, H 100, L 101, Memory 110, A 111. 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 

*AII mnemonics copyrighted ©Intel Corporation 1976. 
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8085AH/8085AH-2 
SINGLE CHIP 8-BIT HMOS MICROPROCESSORS 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 fis Instruction Cycle (8085AH); 
0.8 /*$ (8085AH-2) 

On-Chip Clock Generator (with 
External Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available 
for Large System Control 



Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 8080A- 
Compatible Interrupt 

Serial In/Serial Out Port 

Decimal, Binary and Double Precision 
Arithmetic 

Direct Addressing Capability to 64k 
Bytes of Memory 

30% Less Ice Than 8085A 
±10%V CC 



The Intel® 8085AH is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor, and it is designed to improve the present 8080A's 
performance by higher system speed. Its high level of system integration allows a minimum system of three 
IC's [8085AH (CPU), 8156 (RAM/IO) and 8355/8755A (ROM/PROM/IO)] while maintaining i total system expand- 
ability. The 8085AH-2 is a faster version of the 8085AH. 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 

The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 



INTA RST6.5 TRAP 

INTR t RST5.5 I RST7.5 I 

I I 1 111, 

INTERRUPT CONTROL I 



SID SOO 

SERIAL I/O CONTROL 



8 BIT INTERNAL DATA BUS 



I ACCUMULATOR! I TEMP REG 




X 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 






SUPPLY 1 -» GNO 



TIMING AND CONTROL 
CONTROL STATUS DMA 



STACK POINTER 



PROGRAM COUNTER 



ADDRESS BUFFER 



T 



3 



X2 I 

RESET OUT I 

SOO d< 

SID C S 

TRAP C 6 

RST7.5 C 7 

RST6.5 C » 

RST5.5 q9 

INTR [ 

INTA dll 

ADo C 12 

AD1 C 13 

AD 2 C K 

AD 3 C « 



AD 6 C 18 
AD 7 C 19 
VSSC a> 



40 3 VCC 

39 3 HOLD 

38 3 HLDA 

>7 p CLK (OUT ! 

I RESET IN 

I REAOY 

I IO/M 



3 WR 

3 ALE 

3 So 

3 A 15 

3 AM 

3 A 13 



*12 

An 

3 Aio 

3 Ag 

3 A| 



DATA/ADDRESS BUFFER'"' 



¥ 



-ADo 
/DATABI 



Figure 1. 8085AH CPU Functional Block Diagram 



Figure 2. 8085AH Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5V ±10%, V ss = 0V; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V|H 


Input High Voltage 


2.0 


V C c +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2mA 


V H 


Output High Voltage 


2.4 




V 


Iqh = -400//A 


•cc 


Power Supply Current 




120 


mA 




IlL 


Input Leakage 




±10 


ju,A 


0V^V, N ssVcc 


•lo 


Output Leakage 




±10 


(jlA 


0.45V =£ V 0U T < V CC 


V|LR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V IHR 


Input High Level, RESET 


2.4 


V C c +°-5 


V 




V H Y 


Hysteresis, RESET 


0.25 




V 
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A.C. CHARACTERISTICS (T A = o°cto70°c, v C c = sv±io%, v ss = ov) 


Symbol 


Parameter 


8085AH [2] 


8085AH-2 I2] 


Units 


Min. 


Max. 


Min. 


Max. 


tCYC 


CLK Cycle Period 


320 


2000 


200 


2000 


ns 


tl 


CLK Low Time (Standard CLK Loading) 


80 




40 




ns 


t 2 


CLK High Time (Standard CLK Loading) 


120 




70 




ns 


tr.tf 


CLK Rise and Fall Time 




30 




30 


ns 


*XKR 


X-j Rising to CLK Rising 


30 


120 


30 


100 


ns 


*XKF 


X-| Rising to CLK Falling 


30 


150 


30 


110 


ns 


tAC 


A8-15 Valid to Leading Edge of Control * 


270 




115 




ns 


*ACL 


Aq-7 Valid to Leading Edge of Control 


240 




115 




ns 


*AD 


A 0-15 Va,id t0 Valjd Data ln 




575 




350 


ns 


*afr 


Address Float After Leading Edge of 
READ (INTA) 












ns 


t AL 


As_i5 Valid Before Trailing Edge of ALE [1] 


115 




50 




ns 


Ull 


A0-7 Valid Before Trailing Edge of ALE 


90 




50 




ns 


Ury 


READY Valid from Address Valid 




220 




100 


ns 


*CA 


Address (A8-15) Valid After Control 


120 




60 




ns 


*cc 


Width of Control Low (RD, WR, iNTA) 
Edge of ALE 


400 




230 




ns 


tCL 


Trailing Edge of Control to Leading Edge 
of ALE 


50 




25 




ns 


*DW 




420 




230 




ns 


Data Valid to Trailing Edge of WRITE 


*HABE 


HLDAto Bus Enable 




210 




150 


ns 


*HABF 


Bus Float After HLDA 




210 




150 


ns 


*HACK 


HLDA Valid to Trailing Edge of CLK 


110 




40 




ns 


*HDH 


HOLD Hold Time 












ns 


*HDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




120 




ns 


*INH 


INTR Hold Time 












ns 


*INS 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


160 




150 




ns 


*LA 


Address Hold Time After ALE 


100 




50 




ns 


tLC 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




60 




ns 


*LCK 


ALE Low During CLK High 


100 




50 




ns 


*LDR 


ALE to Valid Data During Read 




460 




270 


ns 


*LDW 


ALE to Valid Data During Write 




200 




120 


ns 


tLL 


ALE Width 


140 




80 




ns 


*LRY 


ALE to READY Stable 




110 




30 


ns 


*RAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




90 




ns 


*RD 


READ (or INTA) to Valid Data 




300 




150 


ns 


tRV 


Control Trailing Edge to Leading Edge 
of Next Control 


400 




220 




ns 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8085AH [2] 


8085AH-2 [2] 


Units 


Min. 


Max. 


Min. 


Max. 


*RDH 














ns 


Data Hold Time After READ INTA [7J 


tRYH 


READY Hold Time 












ns 


*RYS 


READY Setup Time to Leading Edge 
ofCLK 


110 




100 




ns 


tWD 




100 




60 




ns 


Data Valid After Trailing Edge of WRITE 


%DL 


LEADING Edge of WRITE to Data Valid 




40 




20 


ns 



NOTES: 

1 . A3-A1 5 address specifications apply to IO/M, Sq, and S-| except Ae-A-j 5 are undefined during T4-T 6 of OF cycle whereas IO/M, So, and Si 
are stable. 

2. lest Conditions : t C vc = 320 ns (8085AH)/200 ns (8085AH-2); C L = 150 pF. 

3. For all output timing where C|_ * 1 50 pF use the following correction factors: 25 pF =£ C|_ < 1 50 pF; -0.1 ns/pF: 1 50 pF < Cl ^ 300 pF; 
+0.30 ns/pF. 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output voltage V(_ = 0.8V, Vh = 2.0V, and 1.5V with 20 ns rise and fall time on inputs. 

6. Data hold time is guaranteed under all loading conditions. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <~ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



t 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 



256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 

2 Programmable 8 Bit I/O Ports 



1 Programmable 6-Bit I/O Port 

Programmable 14-Bit Binary Counter/ 

Timer 

Compatible with 8085A and 8088 CPU 

Multiplexed Address and Data Bus 

40 Pin DIP 



The 8155 and 8156 are RAM and I/O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion 
is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and 
the full speed 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1 . Pin Description 



Symbol 


Type 


Name and Function 


RESET 


I 


Reset: Pulse provided by the 8085A to initialize the system (connect to 8085A RESET OUT). Input 
high on this line resets the chip and initializes the three I/O ports to input mode. The width of RESET 
pulse should typically be two 8085A clock cycle times. 


ADo-7 


I/O 


Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the 8155/86 on the falling edge of ALE. The 
address can be either for the memory section or the I/O section depending on the IO/M' input. The 8-bit 
data is either written into the chip or read from the chip, depending on the WR or RD input signal. 


CEorCE 




Chip Enable: On the 81 55, this pin is CE and is ACTIVE LOW. On the 81 56, this pin is CE and is ACTIVE 
HIGH. 


RD 




Read Control:. Input low on this line with the Chip Enable active enables and ADq-7 buffers. If IO/M pin 
is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O port or 
command/status registers will be read to the AD bus. 


WR 




Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on IO/M. 


ALE 




Address Latch Enable: This control signal latches both the address on the ADq-7 lines and the state 
of the Chip Enable and IO/M into the chip at the falling edge of ALE. 


IO/M 




I/O Memory: Selects memory if low and I/O and command/status registers if high. 


PA -7(8) 


I/O 


Port A: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 


; PB -7(8) 


I/O 


Port B: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 


PCo- 5 (6) 


I/O 


Port C: These 6 pins can function as either input port, output port, or as control signals for PA and PB. 

Programming is done through the command register. When PC0-5 are used as control signals, they 

will provide the following: 

PC — A INTR (Port A Interrupt) 

PCt — ABF (Port A Buffer Full) 

PC 2 — A STB (Port A Strobe) 

PC 3 — B INTR (Port B Interrupt) 

PC 4 — B BF (Port B Buffer Full) 

PC 5 — B STB (Port B Strobe) 


TIMER IN 


I 


Timer Input: Input to the counter-timer. 


TIMER OUT 





Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. 


v cc 




Voltage: +5 volt supply. 


v S s 




Ground: Ground reference. 
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FUNCTIONAL DESCRIPTION 

The 8155/8156 contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Two8-bit I/O ports (PA &PB)andone6-bitl/Oport(PC) 

• 14-bit timer-counter 

The IO/M (lO/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PC0-5) or 
the memory (RAM) portion. 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE. 



7v 



TV 



<Z 



8-BIT INTERNAL DATA BUS 



7v 



I 



V 



\7 



7r 
\7 



7v — 7> 



iZ 



TIMER 
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TIMER 
LSB 



TIMER 
MODE 



._J 



Figure 3. 8155/8156 Internal Registers 
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D TIMING INFORMATION, SEE FIGU 


RE 12 AND A.C. CHARACTERISTICS. 



Figure 4. 8155/8156 On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE 
COMMAND REGISTER 

The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 

The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and \0/U = 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 



READING THE STATUS REGISTER 

The status register consists of seven latches, one for each 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 



[TM 2 TMi lEBl IEA PC 2 PCJ PB 



I — *- 



DEFINES PA0-7 
DEFINES PB0.7 



}'= 



INPUT 
OUTPUT 



-*- DEFINES PCo-5 



. ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
' INTERRUPT . 



00 = ALT 1 
11 = ALT 2 

01 = ALT 3 
10 = ALT 4 



■ ENABLE 
= DISABLE 



•►TIMER COMMAND- 



■ NOP - DO NOT AFFECT COUNTER 
OPERATION 

= STOP - NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

= STOP AFTER TC - STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

= START - LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 



Figure 5. Command Register Bit Assignment 



AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADq 



m 



n 



PORT A INTERRUPT REQUEST 



PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 



-+> PORT A INTERRUPT ENABLE 



-*- PORT B INTERRUPT REQUEST 



-»- PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 



-*■ PORT B INTERRUPT ENABLED 



TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 



Figure 6. Status Register Bit Assignment 
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INPUT70UTPUT SECTION 

The I/O section of the 8155/8156 consists of five registers: 
(See Figure 7.) 

• Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose/ 

When the C/§ registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 

• PA Register— This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 

; mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PA0-7. 
The address of this register is XXXXX001 . 

• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB0-7. The address 
of this register is XXXXX010. 

• PC Register^- This register has the address XXXXX01 1 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 

When PC0-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
: output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 

When the 'C port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 



CONTROL 


INPUT MODE 


OUTPUT MODE 


BF 
INTR 
STB 


Low 

Low 

Input Control 


Low 

High 

Input Control 



I/O ADDRESSt 


SELECTION 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 







1 
1 





1 
1 







1 



1 



1 


Interval Command/Status Register 

General Purpose I/O Port A 

General Purpose I/O Port B 

Port C — General Purpose I/O or Control 

Low-Order 8 bits of Timer Count 

High 6 bits of Timer Count and 2 bits 

of Timer Mode 



X: Don't Care. _ 

f: I/O Address must be qualified by CE = 1 (8156) or CE=0 (8155) and IO/M = 1 in order 
to select the appropriate register. 



Figure 7. I/O Port and Timer Addressing Scheme 



Figure 8 shows how I/O PORTS A and B are structured 
within the 8155 and 8156: 



8155/8156 
ONE BIT OF PORT A OR PORT B 



/\ 



OUTPUT 
^ LATCH 
D Q 



WRITE 
PORT 



OUTPUT 
ENABLE 



f L*U^-HM>i2>-J • <1 1 



Q D 

CLK 



NOTES: 

(1) OUTPUT MODE 

(2) SIMPLE INPUT 

(3) STROBED INPUT 



Y 



MULTIPLEXER 
CONTROL 



= 1 FOR OUTPUT MODE 
= FOR INPUT MODE 



READ PORT= (IO/Mj=1) • (RD_=0) • (CE ACTIVE) • (PORT ADDRESS SELECTED) 
WRITE PORT= (IO/M=1) • (WR=0) • (CE ACTIVE) • (PORT ADDRESS SELECTED) 



Figure 8. 8155/8156 Port Functions 
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Table 2. 


Port Control Assignment 




Pin 


ALT1 


ALT 2 


ALT 3 


ALT 4 


PCO 


Input Port 


Output Port 


A INTR (Port A Interrupt) 


A INTR (Port A Interrupt) 


PC1 


Input Port 


Output Port 


A BF (Port A Buffer Full) 


A BF (Port A Buffer Full) 


PC2 


Input Port 


Output Port 


A STB (Port A Strobe) 


A STB (Port A Strobe) 


PC3 


Input Port 


Output Port 


Output Port 


B INTR (Port B Interrupt) 


PC4 


Input Port 


Output Port 


Output Port 


B BF (Port B Buffer Full) 


PC5 


Input Port 


Output Port 


Output Port 


B STB (Port B Strobe) 



Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the 8155/8156 are "glitch-free" meaning 
that you can write a "1" to a bit position that was previ- 
ously "1" and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155/56 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 

Figure 9 shows how the 8155/8156 I/O ports might be 
configured in a typical MCS-85 system. 



PORTA 

8155/8156 
PORT C - 

PORTB 




TO 8085 RST INPU1 
CEIVED) I 


r 


OUTPUT > PORT A 




A INTR (SIGNALS DATA RE 




A BF (SIGNALS DATA READY) -1 




A STB (ACKNOWL. DATA RECEIVED) 


TO/FROM 
-PERIPHERAL 


B STB (LOADS PORT B LATCH) 


B BF (SIGNALS BUFFER IS FULL) 


INTERFACE 


B INTR (SIGNALS BUFFER 


- 




READY FOR READING) 

A ... 


I 

TO 8085 INPUT POF 




C INPUT | 


*T (OPTIONAL) 




TO 8085 RST INPUT 





Figure 9. Example: Command Register = 00111001 
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TIMER SECTION 

The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 

The timer has the I/O address XXXXXIOOforthe low order 
byte of :the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 





7 6 5 4 3 2 1 
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T 7 


T 6 


T 5 


T 4 


T 3 


T 2 


Ti 


To 






. 








LSB OF CNT LENGTH 







Figure 10. Timer Format 

There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 11. 



TIMER OUT WAVEFORMS: 



MODE 
BITS 



M 2 M-, 



( TERMINAL^ 
l COUNT J 



. SINGLE 
SQUARE WAVE 



2. CONTINUOUS 
SQUARE WAVE 



3. SINGLE 
PULSE ON 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES 




"U — 

-\J— 



"IT 



Figure 11. Timer Modes 

Bits 6-7 (TM2 and TMi) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 



TM2 



1 



TMi 

1 



NOP— Do not affect counter operation. 

STOP — NOP if timer has not started; 
stop counting if the timer is running. 

STOP AFTER JC — Stop immediately 
after present TC is reached ( NOP if timer 
has not started) 

START — Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 



Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 

In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 12. 















5 

4 REFER TO! 


4 






NOTE: 5 AND 


fHE NUMBER OF CLOCKS IN THAT TIME PERIOD 



Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 

The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 

Please note that the timer circuit on ihe 8155/8156 chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085A be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155/56 always 
counts out th e right number of pulses in generating the 
TIMER OUT waveforms. 
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EXAMPLE PROGRAM 



Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from Intel® Application Note AP38. "Application 
Techniques for the Intel 8085A Bus." First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample 
the timer-counter, storing the lower-order byte of the current count register in register C and 
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine: 


ADJUST, 78 


MOV A,B 


;Load accumulator with upper half 
; of count. 


E63F 


ANI3F 


;Reset upper 2 bits and clear carry. 


1F 


RAR 


;Rotate right through carry. 


47 


MOV B,A 


;Store shifted value back in B. 


79 


MOV A.C 


;Load accumulator with lower half. 


1F 


RAR 


;Rotate right through carry. 


4F 


MOV C.A 


;Store lower byte in C. 


D0 


RNC 


;lf in 2nd half of count, return. 
;lf in 1st half, go on. 


3F 


CMC 


;Clear carry. 


7C 


MOV A,H 


;Divide full count by 2. (If HL 
;is odd, disregard remainder.) 


1F 


RAR 




67 


MOV H,A 




7D 


MOV A,L 




1F 


RAR 




6F 


MOV L,A 




09 


DADB 


;Double-precision add HL and BC. 


44 


MOV B,H 


;Store results back in BC. 


4D 


MOV C,L 




C9 


RET 


; Return. 


After executing the subroutine, BC will contain the remaining count in the current count cycle. 
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8085A MINIMUM SYSTEM CONFIGURATION 

Figure 13a shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM 

• 2K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 4 Interrupt Levels, 



8085 MINIMUM SYSTEM CONFIGURATION 



/I 

(ADO-7 

\r^ — 



RD 



TIMER „ 
OUT 



7^ 



1Z 



7Y 



256x8 
RAM 



C/S PC PB PA 




A8- ._ 






-VvV— 



RDIOWCLKRSTF 



8355 [ROM + I/O] 

OR 
8755A [PROM + I/O] 



Figure 13a. 8085A Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM 

Figure 13b shows a five chip system containing: 

• 1.25K Bytes RAM 

• 2K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 2 Interrupt Levels 



/\ /\ 




<i 



x. 

CLK 



8284 
RESET 



Ae— A19 



AD -AD 7 



A- 
V 



8088 
READY 

MN/MX 



ALE 
RD 
WR 

IO/M 







-v cc 



GND 
(Vss) 



MANUAL 
RESET 



Vcc 



-C5 6- 



=0 



c 



< 



\7\7 



-N 
V 



PORT 
A 



8155-2 



PORT 

B 



ALE PORT 
DATA/ C 

ADDR 

IN 

*0'M TIMER 
RESET 0UT 






iW 

RD 



ei 



oo 



8755A-2 

— N DATA/ 
-j/ ADDR 



IO/M PORT 
RESET B 



IOR 



ITTT 

V SS V CC V DD 



00 



V 



WR 
RD 

CEl 

818 
ALE 

CS, 

CE 2 

A 8 ,A 9 



VT 

V SS Vcc 



Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c ; v cc = 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 2mA 


V H 


Output High Voltage 


2.4 




V 


Iqh = -400/xA 


IlL 


Input Leakage 




±10 


ma 


0V^V| N ^V CC 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V < Vout < Vcc 


Ice 


Vcc Supply Current 




180 


mA 




llL(CE) 


Chip Enable Leakage 
8155 
8156 




+100 
-100 


MA 

m a 


0V^V, N ^V CC 
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A.C. CHARACTERISTICS (t a = o°c to 70°c ; v cc = 5V ± 5%) 




8155/8156 


8165-2/8156-2 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


UNITS 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


t|_C 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


*AD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WR ITE Control Width 


250 




200 




ns 


*DW 


Data In to WR ITE Set Up Time 


150 




100 




ns 


tyvD 


Data In Hold Time After WRITE 












ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


t W P 


WRITE to Port Output 




400 




300 


ns 


t P R 


Port Input Setup Time 


70 




50 




ns 


tRP 


Port Input Hold Time 


50 




10 




ns 


tSBF 


Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


READ to Buffer Empty 




400 




300 


ns 


tsi 


Strobe to INTR On 




400 




300 


ns 


tRDI 


READ to INTR Off 




400 




300 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 









ns 


tpHS 


Port Hold Time After Strobe 


120 




100 




ns 


tSBE 


Strobe to Buffer Empty 




400 




300 


ns 


tWBF 


WRITE to Buffer Full 




400 




300 


ns 


twi 


WRITE to INTR Off 




400 




300 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 




300 


ns 


t TH 


TIMER-IN to TIMER-OUT High 




400 




300 


ns 


*RDE 


Data Bus Enable from READ Control 


10 




10 




ns 


tl 


TIMER-IN Low Time 


80 




40 




ns 


t 2 


TIMER-IN High Time 


120 




70 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1 



= 150pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



READ CYCLE 



CE(8155) 

OR 
CE (8156) 



\ 



f 



\ 



X 



l_ 



\ 



z 



J 



/ \ 



«•— « — t,. 



\ 



x 



z 



X 



/ V DATA VALID S / 



"*~ 'nnp "*" 



1^ 



Jf 



~\ 



WRITE CYCLE 



CE (8155) 

OR 
CE (8156) 



J 

HZZ 

y — t AL _ 



z 



^ t u 






\ 



X 



z 

X 



DATA VALID 



X 



y 



-* twn «► 



Z 



6-42 



iny 



8155/8156/8155-2/8156-2 



WAVEFORMS (Continued) 



STROBED INPUT MODE 



INPUT DATA 
FROM PORT 



A 



SJ-J 



-tss *- 



X 



■+ *pss *■ 




T 



\ 



X 



\y_J 



STROBED OUTPUT MODE 

BF 
























'/ 


e \ 




\ 

*SPE *■ 


r 


\ v 


s„ 






STROBE 










V_i 


X r '\ 


*WBF 






** *SI *" 




INTR 


\ 


1 


/ 






/ 


J 








t w , - 


J 




WR \ 


L. O 








■< ^ — 


t WP 


OUTPUT DATA 
TO PORT 




X 
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WAVEFORMS (Continued) 



BASIC INPUT MODE 








*RP 


< — »■ 




RD 




^ 


/ 








INPUT 


* 


X 


DATA BUS* 










X 















BASIC OUTPUT MODE 








WR \ 


j 


, *- t wp-*' 




. __ 






DATA BUS* Y 


>c 


OUTPUT 
♦DATA BUS TIMING IS SHOWN IN FIGURE 7. 


X 











TIMER OUTPUT COUNTDOWN FROM 5 TO 1 



LOAD COUNTER FROM CLR 
I 2 




TIMER OUT 
(PULSE) 



TIMER OUT 
(SQUARE WAVE) 



^ (NOTED / 
V- J 



v.-* — —. — -. — — —-y 



NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M.. MODE BIT= 1) 



V 



\ 



f 
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8155H/8156H/8155H-2/8156H-2 
2048 BIT STATIC HMOS RAM WITH I/O PORTS AND TIMER 



■ 256 Word x 8 Bits 

■ Single +5V Power Supply 

■ Completely Static Operation 

■ Internal Address Latch 

■ 2 Programmable 8-Bit I/O Ports 

■ 30% Less Ice Than 8155 

■ 1 Programmable 6-Bit I/O Port 



■ Programmable 14-Bit Binary Counter/ 
Timer 

■ Compatible with 8085A, 8085AH, and 
8088 CPU 

■ Multiplexed Address and Data Bus 

■ 40 Pin DIP 

■ ±10%V CC 



The 8155H and 8156H.are RAM and I/O chips to be used in the 8085A, 8085AH, and 8088 microprocessor 
systems. The RAM portion is designed with 2048 static cells organized as 256 x 8. They have a maximum 
access time of 400 ns to permit use with no wait states in the 8085A and 8085AH CPUs. The 8155H-2 and 
8156H-2 have maximum access times of 330 ns for use with the 8085A-2, 8085AH-2 and the full speed 5 MHz 
8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. 



IO/M 



AD -7 




PA _7 



PCq-5 



*:8155H/8155H-2 = CE, 81 56H/81 56H-2 = CE. 



p c 3 


C 


1 




40 


3 v cc 


p c 4 


c 






39 


n pc 2 


TIMER IN 


c 


3 




38 


3 pc, 


RESET 


c 


4 




37 


3 pc o 


p c 5 




5 
6 




36 
35 


D p B 7 


TIMER OUT 


J P « 6 


IO/M 


c 


7 




34 


3 pb 5 


CEORCE* 


c 


8 




33 


3 pb 4 


RD 


c 


9 




32 


3 pb 3 


WR 
ALE 
AD 
AD, 


c 
c 
c 

c 


10 

11 

12 
13 


8155H/ 
8156H 

8155H-2/ 
8156H-2 


31 
30 
29 
28 


3 pb 2 
3 pb, 
3 pb 
3 pa 7 


AD 2 


c 


14 




27 


3 pa 6 


AD 3 


c 


15 




26 


3 pa 5 


AD 4 


c 


16 




25 


3 pa 4 


AD 5 


c 


17 




24 


3 pa 3 


AD 6 


c 


18 




23 


3 pa 2 


AD 7 


c 


19 




22 


Dpa, 


V SS 


c 


20 




21 


3 pa 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 


0°C to 70°C, V cc = 


5V±10%) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V| L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400/uA 


"IL 


Input Leakage 




±10 


fiA 


0V^V IN ^V CC 


Ilo 


Output Leakage Current 




±10 


^tA 


0.45V ^ V 0U T * V CC 


! cc 


V cc Supply Current 




125 


mA 




hL(CE) 


Chip Enable Leakage 
8155H 
8156H 




+ 100 
-100 


/jlA 


0V ^ V, N ^ V CC 



6-46 



iny 



81 55H/81 56H/81 55H-2/81 56H-2 



PRIUMDMAKV 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5V ±10%) 



Symbol 


Parameter 


8155H/8156H 


8155H-2/8156H-2 
(Preliminary) 


Units 


Min. 


Max. 


Min. 


Max. 


tAL 


Address to Latch Setup Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


Ud 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


*CC 


READ/WRITE Control Width 


250 




200 




ns 


*DW 


Data In to WRITE Setup Time 


150 




100 




ns 


twD 


Data In Hold Time After WRITE 












ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


twp 


WRITE to Port Output 




400 




300 


ns 


*PR 


Port Input Setup Time 


70 




50 




ns 


*RP 


Port Input Hold Time 


50 




10 




ns 


tSBF 


Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


READ to Buffer Empty 




400 




300 


ns 


tsi 


Strobe to INTR On 




400 




300 


ns 


*RDI 


READ to INTR Off 




400 




300 


ns 


tpss 


Port Setup Time to Strobe 


50 









ns 


tPHS 


Port Hold Time After Strobe 


120 




100 




ns 


*SBE 


Strobe to Buffer Empty 




400 




300 


ns 


tWBF 


WRITE to Buffer Full 




400 




300 


ns 


*WI 


WRITE to INTR Off 




400 




300 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 




300 


ns 


tTH 


TIMER-IN to TIMER-OUT High 




400 




300 


ns 


*RDE 


Data Bus Enable from READ Control 


10 




10 




ns 


tl 


TIMER-IN Low Time 


80 




40 




ns 


t 2 


TIMER-IN High Time 


120 




70 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




~> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1, 

I 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



6-47 



intel 



8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS-85* 



Multiplexed Address and Data Bus 

Directly Compatible with 8085A 
and iAPX 88 Microprocessors 

Low Operating Power Dissipation 



Low Standby Power Dissipation 

Single +5V Supply 

High Density 18-Pin Package 



The Intei® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and 
iAPX 88 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 81 85-2 is a high-speed selected version of the 81 85 that is compatible with the 5 MHz 8085A-2 and the full speed 5 MHz 
iAPX 88. 



cs - 

CE!- 
CE 2 - 
RD - 
WR - 
ALE - 



AD -AD 7 



R/W 
LOGIC 



DATA 

BUS 

BUFFER 



1Kx8 

RAM 

MEMORY 

ARRAY 



A6,A 9 - 
ALE - 



Y 



ADDRESS 
LATCH 



ADoC 


1 


18 


ADlC 


2 


17 


AD2C 


3 


18 


AD3C 


4 


15 


AD 4 Q 


5 


14 


AD5Q 


6 


13 


AD 6 £ 




12 


A ° 7 C 


8 


11 


VssQ 


9 


10 



Dvcc 

I)WR 
^]ALE 

H CS 
[]CE 2 

D A9 

3** 



AD -AD 7 


ADDRESS/DATA LINES 


Aa.Ag 


ADDRESS LINES 


cs 


CHIP SELECT 


CE! 


CHIP ENABLE (IO/M) 


CE 2 


CHIP ENABLE 


ALE 


ADDRESS LATCH ENABLE 


WR 


WRITE ENABLE 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The 81 85 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CEi and 
CE2 are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CEi and CE2 are 
actiyejhe 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CEi and CE2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connec tion would be to wire the 8085A's 
IO/M line to the 8185's CEi input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 



Table 1. 

Truth Table tor 

Power Down and Function Enable 



OE, 


CE 2 


CS 


(CS*)t 2 l 


8185 Status 


1 


X 


X 





Power Down and 
Function Disable[i] 


X 





X 





Power Down and 
Function Disable[i] 





1 


1 





Powered Up and 
Function Disable^] 





1 





1 


Powered Up and 
Enabled 



NOTES: 

X: Don't Care. 

1: Function Disable implies Data Bus in high impedance state 

and not writing. 

2: CS* = (CEi = 0) • (CE 2 = 1 ) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 



Table 2. 

Truth Table for 

Control and Data Bus Pin Status 



(CS*) 


RD 


WR 


AD _ 7 During Data 
Portion of Cycle 


8185 Function 





X 


X 


Hi-Impedance 


No Function 


1 





1 


Data from Memory 


Read 


1 


1 





Data to Memory 


Write 


1 


1 


1 


Hi-Impedance 


Reading, but not 
Driving Data Bus 



NOTE: 

X: Don't Care. 



HDh 



TRAP 

RST7.5 

RST6,5 

RST5,5 

INTR 

TnTA 



8085A 



HOLD 

HLDA 

SOD 

SID 



RESET «, 

ADDR/ OUT s 

ADDR DATA ALE RD WR IO/M RDY CLK 

(8) 



C 



c 



\s v 



J_L 



_ PORT 

RD 8156 B 

ALE 



-\ DATA/ 
) ADDR 






IO/M TIMER 

nccc-r OUT 



:> 



8355/ 
8755A 



IO/M 
RESET 
RDY 
CLK 



<A> 



<X> 



TTTT 

Vss V cc v D d PROG 



" C1 8185 

ALE 
CS, CE 2 
A 8 , A 9 



^>AD, 7 



Figure 3. 8185 in an MCS-85 System 

4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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iAPX 88 FIVE CHIP SYSTEM: 

• 1.25 KBytes RAM 

• 2 K Bytes ROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 



/\ /\ 




£!1 



x. 

CLK 



8284A 

RESET 



AD -AD 7 



8088 
READY 

MN/MX 



A- 



ALE 



r (D 



WR 
IO/M 



C* 



-v cc 



-d 6- 



:> 



v 



c 



c 



W 



Vss v cc 



t> 



CE 



PORT 



RD 
ALE 



PORT 
B 
8155-2 

PORT 
DATA/ C 

ADDR 

IN 

IO/M TIMER 
,™ T OUT 



p5> 

00 



V 

-\ 

V 



RD 
ALE 
CE 



"CO 



8755A-2 

DATA/ 
ADDR 

IO/M PORT 

RESET 

READY 

IOR 



00 



ML 



v S s v C c v DD 



V 



WR 
RD 

CE, 

1 811 
ALE 

CS, 

CE 2 

A 8 ,A 9 



AD, 



'0-7 



v ss Vcc 



Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0° C to +70° C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, Vcc = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 2mA 


Voh 


Output High Voltage 


2.4 






| 0H = - 400/liA 


IlL 


Input Leakage 




±10 


MA 


0V *sV| N ^V CC 


lLO 


Output Leakage Current 




±10 


ma 


0.45V < VoUT < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




100 


mA 






35 


mA 





A.C. CHARACTERISTICS (T A = o°c to 70°c, Vcc = 5V ± 5%) 



Symbol 


Parameter 


8185 


8185-2 




Min. 


Max. 


Min. 


Max. 


Units 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time After Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tLD 


ALE to Data Out Valid 




300 




200 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tDW 


Data In to WRITE Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


20 




20 




ns 


tsc 


Chip Select Set Up to Control Line 


10 




10 




ns 


tcs 


Chip Select Hold Time After Control 


10 




10 




ns 


tALCE 


Chip Enable Set Up to ALE Falling 


30 




10 




ns 


tLACE 


Chip Enable Hold Time After ALE 


50 




30 




ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1 
I 



C L = 150pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORM 



(CE^O). 
(CE 2 = D 



AD -AD 7 
(A 8 ,Ag) 



/ 



X 



x r 



\ 



/ 



ro-ooxxzx 



XEEX3C 



JX 



\_/ 



X 



/ t 



\ 



X / 



(READ CYCLE) 



(WRITE CYCLE) 



X 



(DESELECTED) 
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8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 



I/O Port or Memory Selector 

Simple Expansion — Enable Inputs 

High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

Directly Compatible with TTL Logic 
Circuits 



Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

Minimum Line Reflection — - Low 
Voltage Diode Input Clamp 

Outputs Sink 10 mA min. 

16-Pin Dual-ln-Line Ceramic or 
Plastic Package 



The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the (8205 is enabled, one of its 8 outputs goes "low," thus a single row 
of a memory system is selected. The 3-chip enable inputs on the[8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 




ADDRESS 


ENABLE 


OUTPUTS 


A A, A 2 


Ei E2 E 3 


1 2 3 4 r j 6 7 


L L L 
H L L 
L H L 
H H L 
L L H 
"H L H 
L H H 
H H H 
XXX 
XXX 
XXX 
XXX 
XXX 
XXX 
XXX 


L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L L 
H L L 
L H L 
H H L 
H L H 
L H H 
H H H 


LHHHHHHH 
HLHHHHHH 
HHLHHHHH 

HHHHLHHH 

HHHHHHL H 

HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 
HHHHHHHH 




Ao A 2 


ADDRESS INPUTS 


Ei E 3 


ENABLE INPUTS 


O0-O7 


DECODED OUTPUTS 



Figure 1. Logic Symbol 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the A0, 
A1 and A2 address input lines, and the device_was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func 
tion to help reduce package count in his system. 
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Applications of the 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S1, S2) of the 8008 CPU. 

I/O PORT DECODER 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, A0 is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 

CHIP SELECT DECODER 

Using a very similar circuit to the I/O port decoder, an ar- 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 2708s and 2114As are devices 
typically used for this application. This type of memory 
device has ten (10) address inputs and an active "low" 
chip select (CS). The lower order address bits A0-A9 
which come from the microprocessor are "bussed" to all 
memory elements and the chip select to enable a specific 
device or group of devices comes from the array of 8205s. 
The output of the 8205 is active low so it is directly compat- 
ible with the memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 
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Figure 4. I/O Port Decoder 



Figure 5. 24K Memory Interface 
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ABSOLUTE MAXIMUM RATINGS* ^NOTICE: Stresses above those listed under "Absolute 
Temperature Under Bias: Maximum Ratings" may cause permanent damage to the 
Ceramic -65°C to +125°C device. This is a stress rating only and functional opera- 
Plastic -65°C to +75°C tion of the device at these or at any other condition above 

Storage Temperature -65°C to +1 60°C those indicated in the operational sections of this specif i- 

All Output or Supply Voltages -0.5 to +7 Volts cation is not implied. Exposure to absolute maximum 

All Input Voltages -1 .0 to +5.5 Volts rating conditions for extended periods may affect device 

Output Currents 125 mA reliability. 

D.C. CHARACTERISTICS (T A = 0°C to +75°C, V cc = 5V ±5%) 



SYMBOL 


PARAMETER 


LIMIT 


UNIT 


TEST CONDITIONS 


MIN. 


MAX. 


'f 


INPUT LOAD CURRENT 




-0.25 


mA 


V cc = 5.25V, V F = 0.45V 


'r 


INPUT LEAKAGE CURRENT 




10 


uA 


V cc = 5.25V, V R = 5.25V 


v c 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


V cc = 4.75V, l c = -5.0 mA 


V 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


V cc = 4.75V, l QL = 10.0 mA 


V OH 


OUTPUT HIGH VOLTAGE 


2.4 




V 


V cc =4.75V,l OH =-1.5mA 


V 


INPUT "LOW" VOLTAGE 




0.85 


V 


V cc = 5.0V 


V ,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


v cc = 50V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT CURRENT 


-40 


— 120 


mA 


V cc = 5.0V, V QUT = 0V 


v ox 


OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 




0.8 


V 


V C c a5 - 0V ' , ox = 40mA 


'cc 


POWER SUPPLY CURRENT 




70 


mA 


V cc = 5.25V 



A.C. CHARACTERISTICS (T A = 0°C to +75°C, V C c = 5V ±5%; unless otherwise specified) 



Symbol 


Parameter 


Max. Limit 


Unit 


Test Conditions 


*♦ + 


ADDRESS OR ENABLE TO 
OUTPUT DELAY 


18 


ns 




t_ + 


18 


ns 




U_ 


18 


ns 




t__ 


18 


ns 




r (1) 


INPUT CAPACITANCE P8205 


4(fyp.) 


pF 


f = 1 MHz, Vcc = ov 
V B IAS = 2.0V.T a -25°C 


C8205 


5(typ.) 


pF 



1 . This parameter is periodically sampled and is not 1 00% tested. 



TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 
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OUTPUT CURRENT VS. 
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-10 
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DATA TRANSFER FUNCTION 
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OUTPUT "LOW" VOLTAGE (V) 



OUTPUT "HIGH" VOLTAGE (V) 
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INPUT VOLTAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



JC 
LUj- 



- 


vcc 

T A = 


= 5.0V 
25°C 




.- 


^ 


-'' 


^" 




















t++^- 








- 






i 









50 100 150 

LOAD CAPACITANCE (pF) 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 



UiJlJ 

oca 



V C C = 5.0V 
Cl = 30 pF 



t+-,t- 



25 50 

AMBIENT TEMPERATURE (°C) 



SWITCHING CHARACTERISTICS 



CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1V and 2V 

Measurements are made at 1.5V 



TEST LOAD 



TEST LOAD: 



4 




^n 



All Transistors 2N2369 or Equivalent. C L = 30 pF 



WAVEFORMS 



ADDRESS OR ENABLE 
INPUT PULSE 



—C 
zzt 



\ 



jciz 
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8212 
8-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data Register and Buffer 

Service Request Flip-Flop for 
Interrupt Generation 

Low Input Load Current — .25mA Max. 

Three State Outputs 

Outputs Sink 15 mA 



3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 

Asynchronous Register Clear 

Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 

Reduces System Package Count 



The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 



SERVICE REQUEST Ff 



DEVICE SELECTION r° Ss==s!0 ^ 



(T>DSi^p-^ 



[J3> DS2 
[T> MD 
[7?> STB 

CE>D 

GE>d 

[9>D 
(T6>D 
E>D 
(20>D 
[||>D 



DATA LATCH 



CE REQUEST FT 




k 



r 



(T?>CLR —3 \ 

(ACTIVE LOW) I • 




~^V>i ° 3 E> 



NT[23> 

(ACTIVE LOW) 





OUTPUT 
BUFFER 



"DO, [4> 



I 



-D0 2 [¥> 



■ D0 4 []o> 



D0 5 [T|> 



-D0 6 [i?> 



D0 7 [T9> 



L. 



-^I>+D0 8 l2T> 

I I 

J I 



DS iL 


1 


24 


Mor 


2 


23 


D 'iL 


3 


22 


do iC 


4 


21 


di 2 P 


5 


20 


do 2 F 

di 3 P 


6 19 

7 8212 ,8 


do 3 L 


8 


17 


Di 4 r 


9 


16 


D0 4 f 


10 


15 


stbF 


11 


14 


gndT 


12 


13 



Vcc 
INT 

Dl 8 
D0 8 
Dl 7 
D0 7 

Dl 6 
D0 6 
Dl 5 
D0 5 
CLR 
DS, 



Dh -Die 


DATA IN 


OOi-DOs 


DATA OUT 


BSJDS 2 


DEVICE SELECT 


MD 


MODE 


STB 


STROBE 


TRT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



Figure 1. Logic Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
Data Latch 

The 8 flip-flops that make up the data latch are of a "D" 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 

The la tche d data is cleared by an asynchrono us re set 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 



Output Buffer 

The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 



Control Logic 

The 8212 has control inputs DS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 



DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 • DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 



MD (Mode) 

This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 

When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 • DS2). 

When MD is low (input mode) the outpu t buf fer state is 
determined by the device selection logic (DS1 • DS2) and 
the source of clock (C) to the data latch is the STB 
(Strobe) input. 



STB (Strobe) 

This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 



Service Request Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in microc omputer systems. It is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 

The output of the (SR) flip-flop (Q) is connected to an 
inverting input of a "NOR" gate. The other input to the 
"NOR" gate is non-inverting and is connected to the 
device selection logic (DS1 • DS2). The output of the 
"NOR" gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 

SERVICE REQUEST FF 



DEVICE SELECTION 



rX>-^ 



(T^si-oH—v 

Lii> ds2 -L— y 



[7> MD - 
[lT> STB- 




^; 



qj"^c^lNT(23> 



E> D1t - 

[E> DI 2- 
H>0'3- 
[9>D1 4 - 
[T6>DI 5 - 
E>D1 6 - 
|20>DI 7 - 
(22>D1 8 - 
(l£> 



DATA LATCH 




[U>CLR cJ y> 

IACTIVE LOW) \S 



"^j--f--PY° 



(ACTIVE LOW) 




"~l 



OUTPUT 
I BUFFER 



'DO, [T> 



I 



- D0 2 \£> 



d^T--I--|>t D0 3IE> 

|"^-f- D0 4 [fi> 



D0 6 [T5> 



d Q--r--^4-D0 6 [i7> 



D0 7 [T9> 



r7o|--j--[^ D0 8 (21> 



L. 



I I 
I I 

J I 



STB MD (DSrDS 2 ) 


DATA OUT EQUALS 


CLR ! (DS, DS 2 ) ' STB «SR 


INT 




1 

1 

1 ' 1 
1 
10 1 


3STATE 
3 STATE 
DATA LATCH 
DATA LATCH 
DATA LATCH 
DATA IN 


1 

1 ' 1 

1 ' 1 " -\_ 
1 * 1 0*1 

1 ; ; ; 1 


1 



1 



_j_L 1 '_ , 1 


DATA IN 


•INTERNAL SR FLIP FLOP 





CLR - RESETS DATA LATCH 
SETSSR FLIP FLOP 
(NO EFFECT ON OUTPUT BUFFER) 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias Plastic 0° C to +70° C 

Storage Temperature -65° C to +1 60° C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1 .0 to 5.5 Volts 

Output Currents TOOmA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A =o°c to +75°c, v cc = +5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Load Current, ACK, DS2, CR, 
DI1-DI8 Inputs 






-.25 


mA 


Vf = .45V 


If 


Input Load Current MD Input 






-.75 


mA 


Vf = .45V 


If 


Input Load Current DS1 Input 






-1.0 


mA 


Vf = .45V 


Ir 


Input Leakage Current, ACK, DS, CR, 
DI1-DI8 Inputs 






10 


MA 


Vr < Vcc 


Ir 


Input Leakage Current MO Input 






30 


mA 


Vr < Vcc 


Ir 


Input Leakage Current DS1 Input 






40 


m a 


Vr < Vcc 


Vc 


Input Forward Voltage Clamp 






-i 


V 


Ic = -5mA 


VlL 


Input "Low" Voltage 






.85 


V 




VlH 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






.45 


V 


Iol = 15mA 


Voh 


Output "High" Voltage 


3.65 


4.0 




V 


Ioh = -1mA 


isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = 0V, Vcc = 5V 


Mol 


Output Leakage Current High 
Impedance State 






20 


/*A 


Vo = .45V/5.25V 


Ice 


Power Supply Current 




90 


130 


mA 





CAPACITANCE* (F = 1 MHz, V B ias = 2.5V, 
V CC = +5V, T A = 25°C) 



Symbol 


Test 


Limits 


Typ. 


Max. 


ClN 


DS1 MD Input Capacitance 


9pF 


12pF 


ClN 


DSg.GLR.STB, Dh-DI 8 
Input Capacitance 


5pF 


9pF 


COUT 


DO1-DO8 Output Capacitance 


8pF 


12pF 



*This parameter is sampled and not 100% tested. 



A.C. TESTING LOAD CIRCUIT 



SWITCHING CHARACTERISTICS 

Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between 1V and 2V Measurements made at 1.5V 

with 15mA and 30pF Test Load 



NOTE: 

1. 



DEVICE 
UNDER 
TEST 



1 *T <t Rz 



C L INCLUDES JIG CAPACITANCE 



Test 


c L * 


R1 


R 2 


tPD, tWE, tR, ts, tc 


30pF 


30on 


600fi 


tE, ENABLE! 


30pF 


10KO 


1Kft 


tE, ENABLE 1 


30pF 


30on 


60on 


tE, DISABLEt 


5pF 


30on 


6oon 


tE, DISABLE! 


5pF 


10Kft 


ikh 



'Includes probe and jig capacitance. 
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A.C. CHARACTERISTICS (T A = o°c to +70°c, v cc = +5V ± 5%) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


tpw 


Pulse Width 


30 






ns 




tPD 


Data to Output Delay 






30 


ns 


Note 1 


tWE 


Write Enable to Output Delay 






40 


ns 


Note 1 


tSET 


Data Set Up Time 


15 






ns 




tH 


Data Hold Time 


20 






ns 




tR 


Reset to Output Delay 






40 


ns 


Note 1 


ts 


Set to Output Delay 






30 


ns 


Note 1 


tE 


Output Enable/Disable Time 






45 


ns 


Note 1 


tc 


Clear to Output Delay 






55 


ns 


Note 1 



APPLICATIONS 

Basic Schematic Symbols 

Two examples of ways to draw the 821 2 on system schematics — (1) the top being the detailed view showing pin numbers, 
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing 
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines. 



INPUT DEVICE 



OUTPUT DEVICE 



DS 2 



INPUT 

strobe" 



SYSTEM 
INPUT 



O 



rr 



=> 



(SYMBOLIC) 



^> 



INT CLR O— 



T7 



OUTPUT 
" FLAG 



t> 



SYSTEM 
OUTPUT 



Figure 3. Basic Schematic Symbols 



Gated Buffer (3-State) 

The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buff ers are then enabled from the device selection logic 
DS1 and DS2. 

When the device selection logic is false, the outputs are 3- 
state. 

When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 



INPUT 
DATA 
(250 fiA) ' 



t — \ — N 0l 

\ > 8212 > D/ 

1 \/ 1/ (1! 



5 ~T~T 

GND 



OUTPUT 
DATA 
;i5mA) 
(3.65V MIN) 



Figure 4. Gated Buffer 
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Bi-Directional Bus Driver 

A pair of 821 2's wired (back-to-back) can be used as a 
symmetrical drive, bi-directionat bus driver. The devices 
are controlled_by the data bus input control which is 
connected to DS1 on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in small system design. 



DATA / 
BUS I 



7\ 



^> 



DATA BUS 
CONTROL - 

(0= L - R) 

(I = R- L) 



m 

GIMD 



c 



, DATA 
. BUS 



"pr 



Figure 5. Bidirectional Bus Driver 
Interrupting Input Port 

This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto the data bus. 



INPUT 
STROBE " 



DATA 
BUS 



SYSTEM 
INPUT 



O 



SYSTEM 
RESET " 



PORT 

SELECTION 

(DSLDS2) 



{: 



^> 






TO PRIORITY CKT 
" (ACTIVE LOW) 

TO CPU 
INTERRUPT INPUT 



Figure 6. Interrupting Input Port 



Interrupt Instruction Port 

The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 
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Figure 7. Interrupt Instruction Port 
Output Port (With Hand-Shaking) 

The 821 2 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as "reception of data" from the device 
that the system is outputting to. It in turn, can interrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.(DS1 • DS2) 
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Figure 8. Output Port 
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808A Status Latch 

Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the 8212. 
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Note: The mode signal is tied high so that the output on the 
latch is active and enabled all the time. 



It is shown that the two areas of concern are the bi- 
directional data bus of the microprocessor and the control 
bus. 
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TYPICAL CHARACTERISTICS 
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WAVEFORMS 
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8216/8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 



■ Data Bus Buffer Driver for 8080 CPU 

■ Low Input Load Current — 0.25 mA 
Maximum 

■ High Output Drive Capability for 
Driving System Bus 



3.65V Output High Voltage for Direct 
Interface to 8080 CPU 



3-State Outputs 

Reduces System Package Count 



The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.65V V h> and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Iql capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 
tions for buffering in microcomputer systems. 

'Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 
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Figure 1. Block Diagrams 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 

Bidirectional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350m V worst case). 



Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state. When it is at "zero" the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 

The DIEN input controls the direction of data flow (see 
Figure 3) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 
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Figure 3a. 8216 Logic Diagram 
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Figure 3b. 8226 Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 125 mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to +70°c, v cc = +5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ. 


Max. 


»fi 


Input Load Current DIEN, CS 




-0.15 


-.5 


mA 


V F =0.45 


«F2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


V F =0.45 


•ri 


Input Leakage Current DIEN, CS 






80 


/iA 


V R = 5.25V 


( R2 


Input Leakage Current Dl Inputs 






40 


Hfk 


V R = 5.25V 


v c 


Input Forward Voltage Clamp 






-1 


V 


lc = -5mA 


V, L 


Input "Low" Voltage 






.95 


V 




V,H 


Input "High" Voltage 


2.0 






V 




Hoi 


Output Leakage Current DO 
(3-State) DB 






20 
100 


MA 


V = 0.45V/5.25V 


*cc 


8216 




95 


130 


mA 




Power Supply Current 

8226 




85 


120 


mA 




VOL1 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs IqltI 5mA 
DB Outputs loL=25mA 


V L2 


8216 




0.5 


.6 


V 


DB Outputs loi_ = 55mA 


8226 




0.5 


.6 


V 


DB Outputs l L=50mA 


V0H1 


Output "High" Voltage 


3.65 


4.0 




V 


DO Outputs Ioh --1mA 


V OH2 


Output "High" Voltage 


2.4 


3.0 




V 


DB Outputs Iqh = -10mA 


•os 


Output Short Circuit Current 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs V a 0V, 
DB Outputs V CC =5.0V 



NOTE: 

Typical values are for T/v = 25° C, Vcc = 5.0V. 
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CAPACITANCE 15 ' (v BIAS = 2.5V. v<x = s.ov, t a = 25°c, f = i mhz) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.m 


Max. 


C|N 


Input Capacitance 




4 


8 


pF 


C OUT1 


Output Capacitance 




6 


10 


PF 


C OUT2 


Output Capacitance 




13 


18 


PF 



A.C- CHARACTERISTICS (T A = o°c to +70°c, v cc = 


+5V ± 5%) 








Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.Ml 


Max. 


T PD1 


Input to Output Delay DO Outputs 




15 


25 


ns 


C L =30pF,R 1 =300fi 
R 2 =600n 


T PD2 


Input to Output Delay DB Outputs 
8216 




19 


30 


ns 


C L =300pF, R^on 
R 2 = ison 


8226 




16 


25 


ns 


t e 


Output Enable Time 

8216 




42 


65 


ns 


(Note 2) 


8226 




36 


54 


ns 


(Note 3) 


t d 


Output Disable Time 




16 


35 


ns 


(Note 4) 



NOTE: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1 .5 volt levels. 

NOTES: 

1. Typical values are for T/y ■ 25° C, Vqc ■ 5.0V. 

2. DO Outputs, C L - 30pF, R, = 300/10 Kft, R 2 - 180/1 Kft; DB Outputs, C L - 300pF, Ry * 90/10 K«, R 2 = 180/1 Kft. 

3. DO Outputs, Cl - 30pF, R, = 300/10 KJ2, R 2 = 600/1 K; DB Outputs, C L =300pF, Ry » 90/10 K«, R 2 = 180/1 Kft. 

4. DO Outputs, Cl - 5pF, By = 300/10 KO, R 2 = 600/1 Kfi; DB Outputs, C L = 5pF, R 1 - 90/10 Kft, R 2 « 180/1 Kft. 

5. This parameter is periodically sampled and not 100% tested. 



A.C. TESTING LOAD CIRCUIT 




6-69 



iny 



8216/8226 
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8218/8219 

BIPOLAR MICROCOMPUTER BUS 

CONTROLLERS FOR MCS-80® AND MCS-85® FAMILIES 



■ 8218 for Use in MCS-80® Systems 

■ 8219 for Use inMCS-85® Systems 

■ Coordinates the Sharing of a Common 
Bus Between Several CPU's 



■ Reduces Component Count in 
Multimaster Bus Arbitration Logic 

■ Single +5 Volt Power Supply 

■ 28 Pin Package 



The 821 8 and 821 9 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface with other masters on a common bus, sharing memory and I/O devices. The 821 8 and 821 9 
consist of: 



1 . Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing 
a common bus. 

2 - Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 
command lines to guarantee set-up and hold times of the address/data lines onto the bus. Thetiming logic also signals 
to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 
bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Signals Interfaced Directly to the System Bus 


Symbol 


Type 


Name and Function 


BREQ 





Bus Request: The Bus Request is used 
with a central parallel priority resolution 
circuit. It indicates that the device needs to 
access the bus for one or more data trans- 
fers. It is synchronized with the Bus Clock. 


BUSY 


I/O 


Bus Busy: Bus Busy indicates to all master 
devices on the bus that the bus is in use. It 
inhibits any other device from getting the 
bus. It is synchronized with Bus Clock. 


BCLK 




Bus Clock: The negative edge of Bus Clock 
is used to synchronize the bus contention 
resolution circuit asynchronously to the 
CPU clock. It has 100ns min. period, 35%- 
65% duty cycle. It may be slowed, single 
stepped or stopped. 


BPRN 




Bus Priority In: The Bus Priority In indi- 
cates to a device that no device of a higher 
priority is requesting the bus. It is syn- 
chronous with the Bus Clock. 


BPRO 





Bus Priority Out: The Bus Priority Out is 
used with serial priority resolution circuits. 
Priority may be transferred to the next lower 
in priority as BPRN. 


(NiT 


1 


Initialize: The Initialize resets the 8218/ 
8219 to a known internal state. 







Memory Read Control: The Memory Read 
Control indicates that the Master is request- 
ing a read operation from the addressed 
location. It is asynchronous to the Bus 
Clock. 


MRDC 







Memory Write Control: The Memory Write 
Control indicates that data and an address 
have been placed on the bus by the Master 
and the data is to be deposited at that loca- 
tion. It is asynchronous to the Bus Clock. 


MWTC 


IORC 





I/O Read Control: The I/O Read Control in- 
dicates that the Master is requesting a read 
operation from the I/O device addressed. It 
is asynchronous to the Bus Clock. 


iowc 





I/O Write Control: The I/O Write Control in- 
dicates that Data and an I/O device address 
has been placed on the bus by the Master 
and the data is to be deposited to the I/O 
device. It is asynchronous to the Bus Clock. 


Signals Generated or Received by the Bus Master 


BCR1/ 
BCR2 


1 


Bus Control Request: Bus Control Re- 
quest 1 or Bus Control Request 2 indicate to 
the 821 8/821 9 that the Master device is mak- 
ing a request to control the bus. BCR2 is 
active low in the 8218 (BCR2). BCR2 is ac- 
tive high in the 8219. 


RSTB 


1 


Request Strobe: Request Strobe latches 
the status of BCR1 and BCR2 into the 
8218/8219. The strobe is active low in the 
8218 and negative edge triggered in the 
8219. 



Signals Generated or Received by the Bus Master 
(Continued) 


Symbol 


Type 


Name and Function 


aT5eR 





Address and Data Enable: Address and 
Data Enable indicates the Master has con- 
trol of the bus. It is often used to enable 
Address and Data Buffers on the bus. It is 
synchronous with Bus Clock, 


RDD 





Read Data: Read Data controls the direc- 
tion of the bi-directional data bus drivers. It 
is asynchronous to the Bus Clock. A high on 
RDD indicates a read mode by the master. 


OVRD 


I 


Override: Override inhibits automatic de- 
select between transfers caused by a higher 
priority bus request. May be used for con- 
secutive data transfers such as read- 
modify-write operations. It is asynchronous 
to the Bus Clock. 


XSTR 


I 


Transfer Start Request: Transfer Start Re- 
quest indicates to the 8218/8219 that a new 
data transfer cycle is requested to start. It is 
raised for each new word transfer in a mul- 
tiple data word transfer. It is asynchronous 
to the Bus Clock. 


XCP 


I 


Transfer Complete: Transfer Complete in- 
dicates to the 8218/8219 that the data has 
been received by the slave device in a write 
cycle or transmitted by the slave and re- 
ceived by master in a read cycle. It is asyn- 
chronous to the Bus Clock. 


XCY 





Data Transfer: Indicates that a data trans- 
fer is in progress. It is asynchronous to the 
Bus Clock. 


WR, RD, 
IO/M 


I 


Write, Read, IO/Memory: WRITE, READ, 
IO/Memory are the control request inputs 
used by the 8085 and are internally decoded 
by the 8219 to produce the request signals 
MRDR, MWTR, IORR, IOWR. They are asyn- 
chronous to the Bus Clock. (8219 only) 


ASRQ 


I 


Asynchronous Bus Request: Can be used 
for interrupt status from the 8085. Acts like a 
level sensitive asynchronous bus 
request — no RSTB needed. It is asynchron- 
ous to the Bus Clock. (8219 only) 


MRDR, 
MWTR, 
IORR, 
IOWR 




Memory Read Request, Memory Write 
Request, I/O Read Request, or I/O Write 
Request: Indicate that address and data 
have been placed on the bus and the appro- 
priate request is being made to the ad- 
dressed device. Only one of these inputs 
should be active at any one time. They are 
synchronous to the Bus Clock. (8218 only) 


ANYR 





Any Request: Any Request is the logical 
OR of the active state of MRDR, MWTR, 
IORR, IOWR. It may be tied to XSTR when 
the rising edge of ANYR is used to initiate a 
transfer. 


DLYADJ 


I 


Delay Adjust: Delay Adjust is used for con- 
nection of an external capacitor and resis- 
tor to ground to adjust the required set-up 
and hold time of address to control signal. 
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FUNCTIONAL DESCRIPTION 

The 8218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Master device: 8080, 
8085, 8257 (DMA).) 

The 8218 and 8219 serve three major functions: 

1. Resolve bus contention. 

2. Guarantee set-up and hold time of address/data lines 
to I/O and Memory read/write control signals 
(adjustable by external capacitor). 

3. Provide sufficient drive on all bus command lines. 



BPRO is used to allow lower priority devices to gain the 
bus w hen a serial priority resolving structure is used. 
BPRO would go to BPRN of the next lower priority Master. 



When prio rity is granted to the Master (a low on BPRN and 
a high on BUSY) the Master outpu ts a BU SY signal on the 
next falling edge of BCLK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 



At the same ti me BUSY goes active, Address and Data 
Enable (ADEN) goe s activ e signifying that the Master has 
control of the bus. ADEN is often used to enable the bus 
drivers. 



Bus Arbitration Logic 

Bus Arbitration Logic activity begins when the M aster 
makes a request for use of the bu s on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clock (BCLK) the 8218/8219 
outputs a bus request (BREQ) and forces Bus Priority Out 
inactive (BPRO). See Figures 1a and 1b. 

BREQ is used for requesting the bus when priority is 
decided by a parallel priority resolver circuit. 



The Bus will be released only if the master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 

Provision has been made in the 8218 to allow bus- 
synchro nous reques ts. Th is mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure 3a. 
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Figure 3a. 8218 Bus Arbitration Logic 
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Figure 3b. 8219 Bus Arbitration Logic 



Timing Logic 

Timing Logic activity begins with th e rising edge of XSTR 
(Transfer Start Request) or with ADEN going a ctive, 
whichever occurs second. This action causes XCY 
(Transfer Cycle) to go active. 50-200ns later (depending on 
resistance and capacitance at DLYADJ) the appropriate 
Control Outputs will go active if the control input is active. 

XSTR can be raised after the command goes active in the 
current transfer cycle so that a new transfer can be 
initiated immediately after the current transfer is 
complete. 

A negative going edge on X CP (Tra nsfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive. 
50-20 0ns later (depending on capacitance at DLYADJ) 
XCY will go inactive indicating the transfer cycle is 
completed. 

Additional logic within t he 82 18/8219 guarantees that if a 
transfer cy cle is st arted (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (AN YR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus requests are generated 
but the processor enters a HALT mode. 



Control Logic 

The control outputs are generated in the 821 9 by decoding 
the 8085 system control outputs (i.e., RD, WR, IO/M) or in 
the 8218 by directly buffering the control inputs to the 
control outputs for use in an 8080 or DMA system (see 
Figures 4a and 4b). The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 

The Control Logic also has two other outputs, ANYR (Any 
Request) and RDD (Read Data). ANYR goes high (active) if 
any control requests (IOWR, etc.) are active. RDD controls 
the direction of the Masters Bi-directional Data Bus 
Drivers. The Bus Driver will always be in the Write mode 
(RDD = Low) except from the start of a Read Control 
Request to 25 to 70ns after XCP is activated. 
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-MWTC 

* iowc 



Figure 4a. 8218 Control Logic 
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Figure 4b. 8219 Control Logic 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65° C to +1 50° C 

Supply Voltage (Vcc) -0.5V to +7V 

Input Voltage -1.0V to Vcc + 0.25V 

Output Current 100mA 

D.C. CHARACTERISTICS (T A = o°c to 70°C; v cc 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specif i- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

5V ± 5%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


Vc 


Input Clamp Voltage 






-1.0 


V 


Vcc = 4.75V, lc = -5mA 


If 


Input Load Current 






-0.5 


mA 


Vcc = 5.25V 
Vf = 0.45V 


MRDR/INTA/MWTR/WR 


IORR/RD, IOWR/IO/M 


Other 






-0.5 


mA 




Ir 


Input Leakage Current 






100 


MA 


Vcc = 5.25 
Vr = 5.25 


Vth 


Input Threshold Voltage 


0.8 




2.0 


V 


Vcc = 5V 


Ice 


Power Supply Current 




200 


240 


mA 


Vcc = 5.25V 


Vol 


Output Low Voltage 










Vcc = 4.75 


MRDC, MWTC, IORC, IOWC 
BREQ, BUSY 






0.45 


V 


lOL = 32mA 






0.45 


V 


Iol = 20mA 


XCY, RDD, ADEN 
BPRO, ANYR 






0.45 


V 


lOL = 16mA 






0.45 


V 


Iol = 3.2mA 


Voh 


Output High Voltage 










Vcc = 4.75V 


MRDC, MWTC, IORC, IOWC 

BUSY O.C. 

All Other Outputs 


2.4 








Ioh = -2mA 


2.4 








Ioh = -400/uA 


los 


Short Circuit Output Current 


-10 




-90 


mA 


Vcc = 5.25V, V = 0V 


lO (OFF) 


Tri-State Output Current 






-100 


MA 


Vcc = 5.25V, Vo = 0.45V 






+100 


juA 


Vcc = 5.25V, Vo = 5.25V 


C|N 


Input Capacitance Except Busy 




10 


20 


PF 




Qo 


Input Capacitance Busy 




25 


35 


PF 


I 





8218/8219 XSTR TO OUTPUT DELAY (T SCD ) 




175 

150 

125 
DELAY 

100 

75 

50 


400 pF ' / / ^r 
300 pF// ^/^ 
200 pF' S*^ 

100 pF-^ 






100 200 300 400 500 600 700 800 900 
OHMS 





One Shot Delay Versus Delay Adjust Capacitance And Resistance 

6-75 



inteT 



8218/8219 



IP^iUMOIMW 



A.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = 5V ± 5%) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


tBCY 


Bus Clock Cycle Time 


100 






ns 


35% to 65% Duty Cycle 


tpw 


Bus Clock Pulse Width 


35 




0.65 tBCY 


ns 




tRQS 


RSTB to BCLK Set-Up Time 


25 






ns 




tcss 


BCRi and BCR2 to RSTB 
Set-Up Time 


15 






ns 




tCSH 


BCR1 and BCR2 to RSTB 
Hold Time 


15 






ns 




tRQD 


BCLK to BREQ Delay 






35 


ns 




tPRNS 


BPRN to BCLK Set-Up Time 


23 






ns 




tBNO 


BRPN to BPRO Delay 






30 


ns 




tBYD 


BCLK to BUSY Delay 






55 


ns 




tCAD 


MRDR, MWTR, IORR, IOWR 
to ANYR Delay 






30 


ns 




tSXD 


XSTR to XCY Delay 






40 


ns 




tSCD 


XSTR to MRDC, MWTC, IORC, 
IOWC Delay 


50 




200 


ns 


Adjustable by External R/C 


txsw 


XSTR Pulse Width 


30 






ns 




tXCD 


XCP to MRDC, MWTC, IORC, 
IOWC Delay 






50 


ns 




txcw 


XCP Pulse Width 


35 






ns 




tCCD 


XCP to XCY Delay 


50 




200 


ns 


Adjustable by External R/C 


tCMD 


MRDR, MWTR, IORR, IOWR 






35 


ns 




to MRDC, MWTC, IORC, IOWC 


tCRD 


MRDR, MWTR, IORR, IOWR 
to RDD Delay 






25 


ns 




tRW 


RSTB Min. Neg. Pulse Width 


30 






ns 




tCPD 


BCLK to BPRO Delay 






40 


ns 




tXRD 


XCP to RDD Delay 


25 




70 


ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0: TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 








: c L 


V L = 2.4V 
R L - 750Q 
C L = 100 pF 
C L INCLUDES JIG 


CAPACITY 


kNCE 



6-76 



irrteT 



8218/8219 
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WAVEFORMS 



SYNCHRONOUS BUS TIMING (System Bus Previously Not In Use) 



.y 




\ t 



£ 



\ / — \ r 



, REQUEST FOR ACQUISITION OF THE BUS 



N REQUEST TO RELEAS i THE BUS 



J 



t C PD 



CONTROL CYCLE (System Bus Previously Not In Use) 



MRDR MWTR 
IORR IOWR 



\ 



MRDC MWTC 
iORC IOWC 



Jf i 



/ 



\ 



X 



\ 



3l 



\—/" 



/ 



/ 



J 



X 
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WAVEFORMS (Continued) 



BUS CONTROL EXCHANGE (Master No. 1 Leaving Bus And Master No. 2 Getting On Bus) 



MRDR MWTR 
TORR IOWR 



MASTER 1 GETS OFF BUS 



K 



MASTER 1 ANYR OUT 
AND XCP IN 



MASTER 1 XCY OUT 



MASTER 1 ADEN 



BUSY MASTER 1 HAS BUS 



MASTER 2 ADEN 



MRDR 

^-^ MASTER 2 

MWTR REQUESTS BUS 

IORR 

^ .ANYR 

XSTR 



MWTC 
JORC OF MASTER 2 

iowc 



\ 



•=r 



y 



y 



MASTER 2 HAS BUS 



DELAYED BY 
, ONE SHOT 
FOR ADDRESS SETUP - 



\ 



\ 
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o 










If 

















* 


ADEN 
DLYADJ 

XCP 
XSTR 
ANYR |N|T 
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MCS-80® CPU With 8218 
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MCS-85® CPU With 8219 
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A 



j€h 






Wr 

RD 

IO/M 

INTA 

ALE 

So 

Si 



KE 



READY IS SET UP 
FOR LOCAL 
MEMORY THAT 
NEEDS NO WAIT 
STATES 



p/ 



ACCESS 
DECODE 
LOGIC 



USE FALLING EDGE OF ALE TO INITIATE DECODE 
" LOGIC'S SELECTION OF THE BUS 



m 

- y 



iz 



I ^> 



5=1 



c 



WR 

RD_ 

IO/M 

ASRQ 

RSTB 

BCR1 

BCR2 



ADEN 
DLYADJ 

XCP 
XSTR 
ANYR 7K 



MRDC 
MWTC 
IORC 
IOWC 



BREQ 



^ 
5 






LEVEL ACTIVATED 
LATCH 

"TRANSPARENT" 
FLIP FLOP 



TO BCR2 
AND XSTR 
AND GATE 



- RESET 
-XACK 
(TRANSFER 
ACKNOWLEDGE) 



MCS-85® CPU With 8219 Using Local Memory 
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TO/FROM HIGHEST 
PRIORITY BUS MASTER 



REQUEST ADEN 

8218 
BUSY BPRO BCLK 



REQUEST ADEN 

8219 

BUSY BPRN" BPRO BCUR 



r_. 



"DAISY CHAIN" CONFIGURATION 



1! 



REQUEST ADEN 

8219 

BUSY BREQ BPRN BCLK 



LL 



REQUEST ADEN 

8218 

BUSY BREQ BPRN BCLK 



PRIORITY 

RESOLVING 

LOGIC 



PARALLEL REQUEST CONFIGURATION 



11 



BUSY BPRN 



L£ 



REQUEST ADEN 

8219 

BUSY BREQ BPRN BCLK 



Two Methods of Connecting Multiple 821 8/821 9's To Resolve Bus Contention Among Multiple Masters 
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8224 

CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 



■ Single Chip Clock Generator/Driver for 
8080ACPU 

■ Power-Up Reset for CPU 

■ Ready Synchronizing Flip-Flop 

■ Advanced Status Strobe 



■ Oscillator Output for External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

■ Reduces System Package Count 



The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 



[t5> XTAL1 — 
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INPUT 
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-0 2 (TTL)[i> 
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- RESET [T> 

- READY [T> 



RESET | 
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SYNC | 

2 (TTL) | 

sTstb| 
gnd| 



8224 



RESIN 


RESET INPUT 


RESET 


RESET OUTPUT 


RDYIN 


READY INPUT 


READY 


READY OUTPUT 


SYNC 


SYNC INPUT 


STSTB 


STATUS STB 
(ACTIVE LOW) 


H 


J8080 
( CLOCKS 


02 



Vcc 

I XTAL 1 
I XTAL 2 
| TANK 

lose 

ZI V DD 



XTAL 1 


( CONNECTIONS 
( FOR CRYSTAL 


XTAL 2 


TANK 


USED WITH OVERTONE XTAL 


OSC 


OSCILLATOR OUTPUT 


02 (TTL) 


02 CLK (TTL LEVEL) 


Vcc 


+5V 


V D D 


+12V 


GND 


OV 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature — 65°C to 150°C 

Supply Voltage, V cc -0.5V to +7V 

Supply Voltage, V DD -0.5V to +13.5V 

Input Voltage -1.5V to +7V 

Output Current 100mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = +5.ov ±5%, v DD = +12V ±5%) 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Current Loading 






-.25 


mA 


V F = .45V 


Ir 


Input Leakage Current 






10 


MA 


V R = 5.25V 


V C 


Input Forward Clamp Voltage 






1.0 


V 


l c = -5mA 


V|L 


Input "Low" Voltage 






.8 


V 


V CC = 5.0V 


V| H 


Input "High" Voltage 


2.6 
2.0 






V 


Reset Input 
All Other Inputs 


V| H -V,L 


RESIN Input Hysteresis 


.25 






V 


V CC = 5.0V 


Vol 


Output "Low" Voltage 






.45 
.45 


V 
V 


(01,02)/ Ready, Reset, STSTB 

l L =2.5mA 

All Other Outputs 

Iql = 15mA 


Voh 


Output "High" Voltage 

01 ,02 

READY, RESET 
All Other Outputs 


9.4 
3.6 
2.4 






V 
V 
V 


o o o 

it ii ii 
i i i 

> > 


lsc [11 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


v = ov 

v cc = 5.0V 


•cc 


Power Supply Current 






115 


mA 




•dd 


Power Supply Current 






12 


mA 





Note: 1. Caution, 4>-\ and 02 output drivers do not have short circuit protection 



Crystal Requirements 

Tolerance: 0.005% atO°C-70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS (v cc = +5.0V ±5%, v DD = +12.OV ±5%, T A = o°c to 70°C) 



Symbol 


Parameter 


Limits 


Units 


Test 
Conditions 


Min. 


Typ. 


Max. 


V1 


01 Pulse Width 


?^-20ns 
9 






ns 


C L = 20pF to 50pF 


t02 


02 Pulse Width 


^-35ns 
9 






tD1 


01 to 02 Delay 









tD2 


02 to 01 Delay 


?£V-14ns 
9 






tD3 


01 to 02 Delay 


2tcy 
9 




2^V + 20ns 
9 


tR 


01 and 02 Rise Time 






20 


tF 


01 and 02 Fall Time 






20 


tDtf>2 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


2 TTL f CL=3O 
Rl=300fi 
R 2=600^2 


tDSS 




^V-30ns 
9 




6tcy 
9 






02 to STSTB Delay 


tpw 




**-15ns 
9 








STSTB, CL=15pF 
Rl =2K 
R 2 = 4K 


STSTB Pulse Width 


tDRS 


RDYIN Setup Time to 
Status Strobe 


50ns -^^ 
9 






tDRH 


RDYIN Hold Time 
After STSTB 


4tcy 
9 






tDR 


RDYIN or RESIN to 
02 Delay 


^-25ns 
9 








Ready & Reset 
CL=10pF 
Rl=2K 
R 2 =4K 


tCLK 


CLK Period 




tcy 
~9~ 








'max 


Maximum Oscillating 
Frequency 






27 


MHz 




Ci„ 


Input Capacitance 






8 


PF 


V CC =+5.0V 
V DD =+12V 
V B IAS=2.5V 
f=1MHz 
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A.C. CHARACTERISTICS (Continued) (For t C y = 488.28 ns) (T A = o°c to 70°c, v DD = 

V DD = + 12V±5%) 



+5V ±5%, 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


*01 


0! Pulse Width 


89 






ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


t CY =488.28ns 

__ 01 & 02 Loaded to 
C L = 20 to 50pF 

Ready & Reset Loaded 
to2mA/10pF 
All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


*02 


02 Pulse Width 


236 






tD1 


Delay 01 to 02 









*D2 


Delay 02 to 01 


95 






*D3 


Delay 01 to 02 Leading Edges 


109 




129 


tr 


Output Rise Time 






20 


tf 


Output Fall Time 






20 


*DSS 




296 




326 


02 to STSTB Delay 


tD<2>2 


02 to 02 (TTL) Delay 


-5 




+15 


tpw 


Status Strobe Pulse Width 


40 






tDRS 


RDYIN Setup Time to STSTB 


-167 






t D RH 


RDYIN Hold Time after STSTB 


217 






tDR 


READY or RESET 
to 02 Delay 


192 






f MAX 


Oscillator Frequency 






18.432 


MHz 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1 " 
AND 0.8V FOR A LOGIC "0" (UNLESS OTHERWISE NOTED). 



DEVICE 
UNDER 
TEST 



I 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



/ 



r\ 



iz3 



SYNC 
(FROM 8080A) 






\ 



RDYIN OR RESIN 



1 t 



X 



\—f 



V 



VOLTAGE MEASUREMENT POINTS: 0j, 02 Lo 9 lc "°" = 1 ov * L °9 |C " 1 " = 80v - All other signals measured at 1.5V. 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 



i Single Chip System Control for 
MCS-80® Systems 

i Built-in Bidirectional Bus Driver for 
Data Bus Isolation 

i Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 



■ User Selected Single Level Interrupt 
Vector (RST 7) 

■ 28-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ 8238 Had Advanced IOW/MEMW for 
Large System Timing Control 



The Intel® 8228 Is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly Interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 

Note: The specifications for the 3228/3238 are identical with those for the 8228/8238 



CPU 
DATA ■ 
BUS 



—**~ OB 7 



SYSTEM DATA BUS 



DRIVER CONTROL 



SfSTB - 

DBIN - 

WR - 

HLDA - 



• MEM A 
MEMW 
l70R 

iTow 

• BUSEN 
iNTA 




D7D0 


DATA BUS (8080 SIDE) 


INTA 


INTERRUPT ACKNOWLEDGE 


DB7DB0 


DATA BUS (SYSTEM SIDE) 


HLDA 


HLDA (FROM 8080) 


l/OR 


I/O READ 


WR 


WR (FROM 8080) 


l/OW 


I/O WRITE 


BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 


STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 


Vcc 


+5V 


DBIN 


DBIN (FROM 8080) 


GND 


VOLTS 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias - 0°C to 70°C 

Storage Temperature - 65°C to 150°C 

Supply Voltage, V cc - 0.5V to + 7V 

Input Voltage -1.5V to +7V 

Output Current 100 mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not limited. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc 


= 5V± 


5%) 






Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ.11] 


Max. 


v c 


input Clamp Voltage, All Inputs 




.75 


-1.0 


V 


V CC =4.75V; l c =-5mA 


■f 


Input Load Current, 
STSTB 






500 


ma 


V cc = 5.25V 
V F = 0.45 V 


D 2 & D 6 






750 


ma 


D , D!,D 4 , D 5 , 
&D 7 






250 


uA 


All Other Inputs 






250 


HA 


Ir 


Input Leakage Current 
STSTB 






100 


/iA 


V cc = 5.25 V 
V R = 5.25V 


DB -DB 7 






20 


MA 


All Other Inputs 






100 


MA 




v TH 


Input Threshold Voltage, All Inputs 


0.8 




2.0 


V 


V CC = 5V 


•cc 


Power Supply Current 




140 


190 


mA 


V CC =5.25V 


Vol 


Output Low Voltage, 
D0-D7 






.45 


V 


V C c=4.75V; loL = 2mA 


All Other Outputs 






.45 


V 


l O L = 10mA 


Voh 


Output High Voltage, 
D0-D7 


3.6 


3.8 




V 


V C c=4.75V;l O H=-10/iA 


Ail Other Outputs 


2.4 






V 


Iqh = -1mA 


bs 


Short Circuit Current, All Outputs 


15 




90 


mA 


V CC =5V 


'o(off) 


Off State Output Current, 
All Control Outputs 






100 


MA 


V C c=5.25V;V =5.25 


-100 


MA 


V =.45V 


•iNT 


INTA Current 






5 


mA 


(See INTA Test Circuit) 



Note 1 : Typical values are for T/\ = 25°C and nominal supply voltages. 
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CAPACITANCE (v B | A s = 2.5V, v cc = s.ov, t a = 25°c, f = 1 MHz) 

This parameter is periodically sampled and not 100% tested. 



Symbol Parameter 


Limits 


Unit 


Min. 


Typ.m 


Max. 


Cin Input Capacitance 




8 


12 


pF 


Output Capacitance 
^ UT Control Signals 




7 


15 


pF 


. I/O Capacitance 
/U (DorDB) 




8 


15 


PF 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5V ±5%) 



Symbol 


Parameter 


Limits 


Units 


Condition 


Min. 


Max. 


tp W 


Width of Status Strobe 


22 




ns 




tss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs D0-D7 


5 




ns 




toe 


Delay from STSTB to any Control Signal 


20 


60 


ns 


C L = 100pF 


tRR 


Delay from DBIN to Control Outputs 




30 


ns 


C L = 100pF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


C L = 25pF 


tRD 


Delay from System Bus to 8080 Bus during Read 




30 


ns 


C L = 25pF 


tWR 


Delay from WR to Control Outputs 


5 


45 


ns 


C L = 100pF 


%E 


Delay to Enable System Bus DB -DB 7 after STSTB 




30 


ns 


C L = 100pF 


*WD 


Delay from 8080 Bus D -D 7 to System Bus 
DB -DB 7 during Write 


5 


40 


ns 


C L = 100pF 


tE 


Delay from System Bus Enable to System Bus DB0-DB7 




30 


ns 


C L = 100pF 


tHD 


HLDA to Read Status Outputs 




25 


ns 




tDS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 




tDH 


Hold Time, System Bus Inputs to HLDA 


20 




ns 


C L = 100pF 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



1 



For D0-D7: R-| = 4Kft, R2 = °°ft, 
Cl = 25pF. For all other outputs: 
R! =500n,R 2 = 1Kn,C L = 100pF. 




INTA Test Circuit (for RST 7) 
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WAVEFORM 



STATUS STROBE 

8080 DATA BUS 

DBIN 

JNTA. lOR, MEMR 
HLDA 



INTA, IOR. MEMR" 
DURING HLDA 



SYSTEM BUS DURING READ 



SOW OR MEM W 



8080 BUS DURING WRITE 



SYSTEM BUS ENABLE 



J — s, 




8080 BUS DURING READ 



SYSTEM BUS DURING WRITE 



"•^DS-H"*" ^H" 



J^ 



<zx 



>■ 



^ — 4 



^ 



SYSTEM BUS OUTPUTS < 



fc::::::::::::: 



>. 



VOLTAGE MEASUREMENT POINTS: Dq-D 7 (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 

at 1.5V. 



"ADVANCED IOW/MEMW FOR 8238 ONLY. 
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HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 



■ Enable/Disable Control of Individual 
DMA Requests 

■ Four Independent DMA Channels 

■ Independent Autoinitialization of all 
Channels 

■ Memory-to-Memory Transfers 

■ Memory Block Initialization 

■ Address Increment or Decrement 



i High Performance: Transfers up to 1.6M 
Bytes/Second with 5 MHz 8237-2 

i Directly Expandable to any Number of 
Channels 

End of Process Input for Terminating 
Transfers 

Software DMA Requests 

Independent Polarity Control for DREQ 
and DACK Signals 



The 8237 Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing external devices to directly transfer information to or 
from the system memory. Memory-to-memory transfer capability is also provided. The 8237 offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 

The 8237 is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 
The 8237-2 is a 5 MHz selected version of the standard 3 MHz 8237. 




Figure 1. Block Diagram 



Figure 2. 
Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


v C c 




Power: +5 volt supply. 


Vss 




Ground: Ground. 


CLK 


I 


Clock Input: Clock Input controls 
the internal operations of the 8237 
and its rate of data transfers. The 
input may be driven at up to 3 MHz 
for the standard 8237 and up to 5 
MHz for the 8237-2. 


CS 


I 


Chip Select: Chip Select is an ac- 
tive low input used to select the 
8237 as an I/O device during the Idle 
cycle. This allows CPU communica- 
tion on the data bus. 


RESET 


I 


Reset: Reset is an active high input 
which clears the Command, Status, 
Request and Temporary registers. It 
also clears the first/last flip/flop and 
sets the Mask register. Following a 
Reset the device is in the Idle cycle. 


READY 


I 


Ready: Ready is an input used to 
extend the memory read and write 
pulses from the 8237 to accommo- 
date slow memories or I/O periph- 
eral devices. 


HLDA 




Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU Indicates that control of the 
system busses have been 
relinquished. 


DREQ0-DREQ3 


I 


DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by pe- 
ripheral circuits to obtain DMA ser- 
vice. In Fixed Priority, DREQO has 
the highest priority and DREQ3 has 
the lowest priority. A request is gen- 
erated by activating the DREQ line 
of a channel. DACK will acknowl- 
edge the recognition of DREQ 
signal. Polarity of DREQ is pro- 
grammable. Reset initializes these 
lines to active high. DREQ must be 
maintained until the corresponding 
DACK goes active. 


DB0-DB7 


I 


Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro- 
gram Condition during the I/O Read 
to output the contents of an 
Address register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs are 
read during an I/O Write cycle when 
the CPU is programming the 8237 
control registers. During DMA cy- 
cles the most significant 8 bits of the 
address are output onto the data 
bus to be strobed into an external 
latch by ADSTB. In memory-to- 
memory operations, data from the 
memory comes into the 8237 on the 



Symbol 



im 



IOW 



EOP 



Type 



I/O 



I/O 



A0-A3 



I/O 



Name and Function 



data bus during the read-from- 
memory transfer. In the write-to- 
rnemory transfer, the data bus out- 
puts place the data into the new 
memory location. 



I/O Read: I/O Read is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to read the 
control registers. In the Active cy- 
cle, it is an output control signal 
used by the 8237 to access data 
from a peripheral during a DMA 
Write transfer. 



I/O Write: I/O Write is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to load in- 
formation into the 8237. In the Ac- 
tive cycle, it is an output control 
signal used by the 8237 to load data 
to the peripheral during a DMA 
Read transfer. 



End of Process: End of Process is 
an active low bidirectional signal. 
Information concerning the com- 
pletion of DMA services is available 
at the bidirectional EOP pin. The 
8237 allows an external signal to 
terminate an active DMA service. 
This is accomplished by pulling the 
DOP input low with an external EOP 
signal. The 8237 also generates a 
pulse when the terminal count (TC) 
for any chan nel i s reached. This 
generates an EOP signal which is 
output through the EOP Line. The 
reception of EOP, either internal or 
external, will cause the 8237 to ter- 
minate the service, reset the re- 
quest, and, if Autoinitialize is 
enabled, to write the base registers 
to the current registers of that 
channel. The mask bit and TC bit in 
the status word will be se t for the 
currently active channel by EOP un- 
less the channel is programmed for 
Autoinitialize. In that case, the mask 
bit remains clear. Dur ing m emory- 
to-memory transfers, EOP will be 
output when the TC for channel 1 
occurs. EOP should be tied high 
with a pull-up resistor if it is not 
used to prevent erroneous end of 
process inputs. - 



Address: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cycle 
they are inputs and are used by the 
8237 to address the control register 
to be loaded or read. In the Active 
cycle they are outputs and provide 
the lower 4 bits of the output 
address. 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


A4-A7 





Address: The four most significant 
address lines are three-state out- 
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service. 


HRQ 





Hold Request: This is the Hold Re- 
quest to the CPU and is used to re- 
quest control of the system bus. If 
the corresponding mask bit is clear, 
the presence of any valid DREQ 
causes the 8237 to issue the HRQ. 
After HRQ goes active at least one 
clock cycle (TCY) must occur be- 
fore HLDA goes active. 


DACK0-DACK3 





DMA Acknowledge: DMA Ac- 
knowledge is used to notify the in- 
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program- 
mable. Reset initializes them to ac- 
tive low. 



Symbol 


Type 


Name and Function 


AEN 





Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 


ADSTB 





Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 


MEMR 





Memory Read: The Memory Read 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Read or a memory-to-memory 
transfer. 


MEMW 





Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 
transfer. 



FUNCTIONAL DESCRIPTION 

The 8237 block diagram includes the major logic blocks 
and all of the internal registers. The data interconnec- 
tion paths are also shown. Not shown are the various 
control signals between the blocks. The 8237 contains 
344 bits of internal memory in the form of registers. 
Figure 3 lists these registers by name and shows the 
size of each. A detailed description of the registers and 
their functions can be found under Register Descrip- 
tion. 



Name 


Size 


Number 


Base Address Registers 


16 bits 


4 


Base Word Count Registers 


16 bits 


4 


Current Address Registers 


16 bits 


4 


Current Word Count Registers 


16 bits 


4 


Temporary Address Register 


16 bits 


1 


Temporary Word Count Register 


16 bits 


1 


Status Register 


8 bits 


1 


Command Register 


8 bits 


1 


Temporary Register 


8 bits 


1 


Mode Registers 


6 bits 


4 


Mask Register 


4 bits 


1 


Request Register 


4 bits 


1 



Figure 3. 8237 Internal Registers 

The 8237 contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237. The Program Com- 
mand Control block decodes the various commands 
given to the 8237 by the microprocessor prior to servic- 
ing a DMA Request. It also decodes the Mode Control 
word used to select the type of DMA during the servic- 
ing. The Priority Encoder block resolves priority conten- 
tion between DMA channels requesting service simul- 
taneously. 



The Timing Control block derives internal timing from 
the clock input. In 8237 systems this input will usually 
be the <|>2 TTL clock from an 8224 or CLK from an 8085/ 
However, any appropriate system clock will suffice. 



DMA Operation 

The 8237 is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device 
cycle is made up of a number of states. The 8237 can 
assume seven separate states, each composed of one 
full clock period. State I (SI) is the inactive state. It is 
entered when the 8237 has no valid DMA requests pend- 
ing. While in SI, the DMA controller is inactive but may 
be in the Program Condition, being programmed by the 
processor. State O (SO) is the first state of a DMA ser- 
vice. The 8237 has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge 
from the CPU will signal that transfers may begin. S1, 
S2, S3 and S4 are the working states of the DMA service. 
If more time is needed to complete a transfer than is 
available with normal timing, wait states (SW) can be in- 
serted between S2 or S3 and S4 by the use of the Ready 
line on the 8237. 



Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S11, 
S12, S13, S14) are used for the read-from-memory half 
and the last four states (S21, S22, S23, S24) for the write- 
to-memory half of the transfer. 
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IDLE CYCLE 

When no channel is requesting service, the 8237 will 
enter the Idle cycle and perform "SI" states. In this 
cycle the 8237 will sample the DREQ lines every clock 
cycle to determine if any channel is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to write or read the inter- 
nal registers of the 8237. When CS is low and HRQ is 
low, the 8237 enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini- 
tion of the part by reading from or writing to the internal 
registers. Address lines A0-A3 are inputs to the device 
and sele ct w hich registers will be read or written. The 
IOR and IOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis- 
ters, an internal flip-flop is used to generate an addi- 
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-bit Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 

Special software commands can be executed by the 
8237 in the Program Condition. These comm ands are 
decoded as sets of addresses with the CS and IOW. The 
commands do not make use of the data bus. Instruc- 
tions include Clear First/Last Flip-flop and Master Clear. 



ACTIVE CYCLE 

When the 8237 is in the Idle cycle and a channel re- 
quests a DMA service, the device will output an HRQ to 
the microprocessor and enter the Active cycle. It is in 
this cycle that the DMA service will take place, in one of 
four modes: 

Single Transfer Mode — In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address decre- 
mented or incremented following each transfer. When 
the word count goes to zero, a Terminal Count (TC) will 
cause an Autoinitiaiize if the channel has been program- 
med to do so. 

DREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through- 
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another single transfer will be 
performed. In 8080A/8085A systems this will ensure one 
full machine cycle execution between DMA transfers. 
Details of timing between the 8237 and other bus con- 
trol protocols will depend upon the characteristics of 
the microprocessor involved. 

Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making trans- 
fers during the service until a TC, caused by word count 
going to zero, or an external End of Process (EOP) is en- 
countered. DREQ need only be held active until DACK 



becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro- 
grammed for it. 

Demand Transfer Mode — In Demand Transfer mode the 
device is programm ed to continue making transfers un- 
til a TC or external EOP is encountered or until DREQ 
goes inactive. Thus transfers may continue until the I/O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re-established by means of a DREQ. During the time 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237 Curren t Add ress and Cur- 
rent Word Count registers. Only an E OP c an cause an 
Autoinitiaiize at the end of the service. EOP is generated 
either by TC or by an external signal. 

Cascade Mode — This mode is used to cascade more 
than one 8237 together for simple system expansion. 
The HRQ and HLDA signals from the additional 8237 
are connected to the DREQ and DACK signals of a chan- 
nel of the initial 8237. This allows the DMA requests of 
the additional device to propagate through the priority 
network circuitry of the preceding device. The priority 
chain is preserved and the new device must wait for its 
turn to acknowledge requests, Since the cascade chan- 
nel in the initial device is used only for prioritizing the 
additional device, it does not output any address or con- 
trol signals of its own. These would conflict with the 
outputs of the active channel in the added device. The 
8237 will respond to DREQ and DACK but all other out- 
puts except HRQ will be disabled. 

Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237s could be 
added at the second level by using the remaining chan- 
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 



MICROPROCESSOR 




1ST LEVEL 




8237 

HRQ 
HLDA 




HRQ DREQ 
HLDA DACK 

8237 

DREQ 
DACK 
























HRQ 
HLDA 

8237 












INITIAL DEVICE 





ADDITIONAL 
DEVICES 



Figure 4. Cascaded 8237s 
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TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, Write 
and Verify. Write transfers mov e data fr om an I/O device 
to the memory by activating MEMW and IOR. Read 
transfers move data from memory to an I/O device by ac- 
tivating MEMR and IOW. Verify transfers are pseudo 
transfers. The 8237 operates as in Read or Write trans- 
fers generating addresses, and responding to EOP, etc. 
However, the memory and I/O control lines all remain 
inactive. 

Memory-to-Memory — To perform block moves of data 
from one memroy address space to another with a mini- 
mum of program effort and time, the 8237 includes a 
memory-to-memory transfer feature. Programming a bit 
in the Command register selects channels and 1 to 
operate as memory-to-memory transfer channels. The 
transfer is initiated by setting the software DREQ for 
channel 0. The 8237 requests a DMA service in the nor- 
mal manner. After HLDA is true, the device, using eight- 
state transfers in Block Transfer mode, reads data from 
the memory. The channel Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read 
from the memory is stored in the 8237 internal Tempo- 
rary register. Channel 1 then writes the data from the 
Temporary register to memory using the address in its 
Current Address register and incrementing or decre- 
menting it in the normal manner. The channel 1 Current 
Word Count is decremented. When the word count of 
chan nel 1 goes to zero, a TC is generated causing an 
EOP output, terminating the service. 
Channel may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 

The 8237 will respond to external EOP signals during 
memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers is found in Diagram 4. 
Memory-to-memory operations can be detected as 
an active AEN with no DACK outputs. 

Autoinitialize — By programming a bit in the Mode reg- 
ister, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the original 
values of the Current Address and Current Word Count 
registers are automatically restored from the Base Ad- 
dress and Bas e Word Count registers of that channel 
following EOP. The base registers are loaded simultane- 
ously with the current registers by the microprocessor 
and remain unchanged throughout the DMA service. The 
mask bit is not set when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another service without CPU intervention. 

Priority — The 8237 has two types of priority encoding 
available as software selectable options. The first is 
Fixed Priority which fixes the channels in priority order 
based upon the descending value of their number. The 
channel with the lowest priority is 3 followed by 2, 1 and 



the highest priority channel, 0. After the recognition of 
any one channel for service, the other channels are pre- 
vented from interferring with that service until it is com- 
pleted. 

The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 



1st 
Service 

highest 

1 «<- 

2 
lowest 3 



2nd 
Service 

2~«- 

3-*- 






-service 
- request 



3rd 
Service 

3**- 




\ : 



With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 

Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
8237 can compress the transfer time to two clock 
cycles. From Timing Diagram 3 it can be seen that state 
S3 is used to extend the access time of the read pulse. 
By removing state S3, the read pulse width is made 
equal to the write pulse width and a transfer consists 
only of state S2 to change the address and state S4 to 
perform the read/write. S1 states will still occur when 
A8-A15 need updating (see Address Generation). Tim- 
ing for compressed transfers is found in Diagram 6. 



Address Generation — In order to reduce pin count, the 
8237 multiplexes the eight higher order address bits on 
the data lines. State S1 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three- 
state enable. The lower order address bits are output by 
the 8237 directly. Lines A0-A7 should be connected to 
the address bus. Timing Diagram 3 shows the time rela- 
tionships between CLK, AEN, ADSTB, DB0-DB7 and 
A0-A7. 



During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
data need only change when a carry or borrow from A7 
to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237 executes S1 
states only when updating of A8-A15 in the latch is 
necessary. This means for long services, S1 states may 
occur only once every 256 transfers, a savings of 255 
clock cycles for each 256 transfers. 
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REGISTER DESCRIPTION 

Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the 
transfer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be re- 
initialized by an Autoinitialize back to i ts ori ginal value. 
Autoinitialize takes place only after an EOP. 

Current Word Register — Each channel has a 16-bit Cur- 
rent Word Count register. This register holds the num- 
ber of transfers to be performed. The word count is 
decremented after each transfer. The intermediate value 
of the word count is stored in the register during the 
transfer. When the value in the register goes to zero, a 
TC will be generated. This register is loaded or read in 
successive 8-bit bytes by the microprocessor in the Pro- 
gram Condition. Following the end of a DMA service it 
may also be reinitialized by an Autoinitialization back to 
its o riginal value. Autoinitialize can occur only when an 
EOP occurs. 



Base Address and Base Word Count Registers — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 

Command Register — This 8-bit register controls the 
operation of the 8237. It is programmed by the micro- 
processor in the Program Condition and is cleared by 
Reset. The following table lists the function of the com- 
mand bits. See Figure 6 for address coding. 

Mode Register — Each channel has a 6-bit Mode regis- 
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
and 1 determine which channel Mode register is to be 
written. 

Request Register — The 8237 can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request register. These are non- 
maskable and subject to prioritization by the Priority En- 
coder network. Each register bit is set or reset sepa- 
rately under software contr ol or is cleared upon genera- 
tion of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
address coding. 



Command Register 

7 6 5 4 3 2 1 



-Bit Number 



^ 



Mode Register 

7 6 5 4 3 2 1 



^ 



Memory-to-memory disable 

1 Memory-to-memory enable 

Channel address hold disable 

1 Channel address hold enable 
X If bit = 

Controller enable 

1 Controller disable 

Normal timing 

1 Compressed timing 
X If bit 0=1 

i Fixed priority 

1 Rotating priority 

Late write selection 

1 Extended write selection 
X If bit 3 = 1 

' DREQ sense active high 

■ 1 DREQ sense active low 

DACK sense active low 

I 1 DACK sense active high 



Bit Number 

00 Channel select 

01 Channel 1 select 

10 Channel 2 select 

1 1 Channel 3 select 

( 00 Verify transfer 

| 01 Write transfer 

10 Read transfer 

11 Illegal 

I XX If bits 6 and 7 = 11 

Autoinitialization disable 

1 Autoinitialization enable 

Address increment select 

1 Address decrement select 

00 Demand mode select 

01 Single mode select 

10 Block mode select 

11 Cascade mode select 



Request Register 

7 6 5 4 321 



-Bit Number 



J ' ( 00 Select channel 

| I 01 Select channel 1 

| 10 Select channel 2 

ill Select channel 3 



| Reset request bit 

i 1 Set request bit 

Software requests will be serviced only if the channel is 
in Block mode. When initiating a memory-to-memory 
transfer, the software request for channel should be 
set. 
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Mask Register — Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 



7 6 5 4 3 2 10^ 



- Bit Number 



7 6 5 4 3 2 1 0-<- 



- Bit Number 



Don't Care 



^ 



00 Select channel mask bit 

01 Select channel 1 mask bit 

10 Select channel 2 mask bit 

1 1 Select channel 3 mask bit 

[ Clear mask bit 

I 1 Set mask bit 



All four bits of the Mask register may also be written 
with a single command. 



7654321 0-<- 



-Bit Number 



h: 



Clear channel mask bit 
Set channel mask bit 



I Clear channel 1 mask bit 
I 1 Set channel 1 mask bit 



I Clear channel 2 mask bit 
I 1 Set channel 2 mask bit 



(0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 



- 1 Channel has reached TC 

- 1 Channel 1 has reached TC 

- 1 Channel 2 has reached TC 

- 1 Channel 3 has reached TC 

- 1 Channel request 

- 1 Channel 1 request 

■ 1 Channel 2 request 

- 1 Channel 3 request 



Temporary Register — The Temporary register is used 
to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. The Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 

Software Commands — These are additional special 
software commands which can be executed in the Pro- 
gram Condition. They do not depend on any specific bit 
pattern on the data bus. The two software commands 
are: 

Clear First/Last Flip- Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237. This initializes the flip-flop to 
a known state so that subsequent accesses to regis- 
ter contents by the microprocessor will address up- 
per and lower bytes in the correct sequence. 

Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237 will enter the Idle cycle. 

Figure 6 lists the address codes for the software com- 
mands: 



Register 


Operation 


Signals 


cs 


IOR 


IOW A3 


A2 


A1 


A0 


Command 


Write 







1 











Mode 


Write 







1 





1 


1 


Request 


Write 







1 








1 


Mask 


Set/Reset 







1 





1 





Mask 


Write 







1 


1 


1 


1 


Temporary 


Read 








1 1 


1 





1 


Status 


Read 








1 1 












Figure 5. Definition of Register Codes 

Status Register — The Status register is available to 
be read out of the 8237 by the microprocessor. It con- 
tains information about the status of the devices at this 
point. This information includes which channels have 
reached a terminal count and which channels have 
pending DMA requests. Bits 0-3 are set every time a TC 
is reached by that channel or an external EOP 
is applied. These bits are cleared upon Reset 
and on each Status Read. Bits 4-7 are set when- 
ever their corresponding channel is requesting service. 



Signals 


Operation 


A3 


A2 


A1 


AO 


IOR 


IOW 

















Read Status Register 
















Write Command Register 

















Illegal 
















Write Request Register 







1 









Illegal 







1 








Write Single Mask Register Bit 







1 









Illegal 







1 








Write Mode Register 















Illegal 
















Clear Byte Pointer Flip /Flop 















Read Temporary Register 















Master Clear 






1 









Illegal 






1 








Illegal 






1 








Illegal 






1 









Write All Mask Register Bits 



Figure 6. Software Command Codes 
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Channel 


Register 


Operation 


Signals 


Internal Flip-Flop 


Data Bus DB0-DB7 


CS JOR IOW A3 A2 A1 AO 





Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 
1 

1 
10 

10 1 
10 1 

10 1 
1 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W)0-W7 
W8-W15 


1 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 1 
10 10 

10 10 
1 10 

1 11 
10 11 

10 1 1 
10 11 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W)0-W7 
W8-W15 


2 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


1 1 
10 1 

10 10 
10 10 

10 10 1 
10 10 1 

10 10 1 
10 10 1 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W)0-W7 
W8-W15 


3 


Base and Current Address 
Current Address 
Base and Current Word Count 
Current Word Count 


Write 
Read 
Write 
Read 


10 110 
10 110 

1 1 1 
10 110 

10 111 
10 111 

10 111 
10 111 




1 



1 



1 



1 


A0-A7 
A8-A15 

A0-A7 
A8-A15 

W0-W7 
W8-W15 

W)0-W7 
W8-W15 



Figure 7. Word Count and Address Register Command Codes 
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APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring a 
DMA system with the 8237 controller and an 8080A/ 
8085A microprocessor system. The multimode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a 
peripheral device. When the processor replies with a 
HLDA signal, the 8237 takes control of the address bus, 
the data bus and the control bus. The address for the 



first transfer operation comes out in two bytes — the 
least significant 8 bits on the eight address outputs and 
the most significant 8 bits on the data bus. The contents 
of the data bus are then latched into the 8282 8-bit latch 
to complete the full 16 bits of the address bus. The 8282 
is a high speed, 8-bit, three-state latch in a 20-pin 
package. After the initial transfer takes place, the latch 
is updated only after a carry or borrow is generated in 
the least significant address byte. Four DMA channels 
are provided when one 8237 is used. 



ADDRESS BUS A0-A1 5 



BUSEN 
HLDA 
HOLD 

CLOCK 
RESET 



MEMR O 



DB0-DB7 



-><>- 



cs 



H- IOC |5 

3 S I I 



DBO- 
DB7 



|o 




I 

~0" 



} 



K)OT 

-*■ STB 



:?">: 



V 



} 



: l 



CONTROL 
BUS 



} 



SYSTEM DATA BUS 



Figure 8. 8237 System Interface 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature under Bias °C to 70 °C 

Storage Temperature -65°Cto + 150°C 

Voltage on any Pin with 

Respect to Ground - 0.5 to 7V 

Power Dissipation 1.5 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5.ov ±5%, gnd = ov) 



Symbol 


Parameter 


Min. 


Typ.< 1 > 


Max. 


Unit 


Test Conditions 


V H 


Output HIGH Voltage 


2.4 






V 


Ioh = - 200 mA 


3.3 






V 


I h=- 100 mA(HRQ Only) 


Vol 


Output LOW Voltage 






0.4 


V 


l i_ = 3.2 mA 


V| H 


Input HIGH Voltage 


2.0 




V CC + 0.5 


V 




V|L 


Input LOW Voltage 


-0.5 




0.8 


V 




»LI 


Input Load Current 






±10 


M A 


0V *s V IN *= V cc 


«LO 


Output Leakage Current 






±10 


M 


0.45V ^ Vqut * V cc 


•cc 


Vcc Supply Current 




65 


130 


mA 


T A =+25°C 




75 


150 


mA 


T A = 0°C 


Co 


Output Capacitance 




4 


8 


PF 


fc=1.0MHz, lnputs = 0V 


c, 


Input Capacitance 




8 


15 


PF 


C|0 


I/O Capacitance 




10 


18 


PF 



NOTES: 

1. Typical values are forT A = 25°C, nominal supply voltage and nominal processing parameters. 

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0V for HIGH 
and 0.8V for LOW, unless otherwise noted. 

3. Output loading is 1 TTL gate plus 50 pF capacitance, unless otherwise noted. 

4. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net lORor MEM R pulse 
width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

5. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value for TDQ2 assumes an external 
3.3 kQ pull-up resistor connected from HRQ to Vcc- 

6. DREQ should be held active until DACK is returned. 

7. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 

8. Output loading on the data bus is 1 TTL gate plus 100 pF capacitance. 

9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 
8237 and at least 400 ns for the 8237-2 as recovery time between active read or write pulses. 

10. Parameters are listed in alphabetical order. 

11. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when the pin is left floating. Alter- 
natively, pin 5 may be tied to Vcc- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1 
I 



C L = 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE (T A = -55C to 125C, 

Vcc = +5V ±10%, GND = 0V) 


Symbol 


Parameter 


8237 


8237-2 


Unit 


Min. 


Max. 


Min. 


Max. 


TAEL 


AEN HIGH from CLK LOW (S1) Delay Time 




300 




200 


ns 


TAET 


AEN LOW from CLK HIGH (S1) Delay Time 




200 




130 


ns 


TAFAB 


ADR Active to Float Delay from CLK HIGH 




150 




90 


ns 


TAFC 


READ or WRITE Float from CLK HIGH 




150 




120 


ns 


TAFDB 


DB Active to Float Delay from CLK HIGH 




250 




170 


ns 


TAHR 


ADR from READ HIGH Hold Time 


TCY- 100 




TCY- 100 




ns 


TAHS 


DB from ADSTB LOW Hold Time 


50 




30 




ns 


TAHW 


ADR from WRITE HIGH Hold Time 


TCY-50 




TCY-50 




ns 


TAK 


DACK Valid from CLK LOW Delay Time 




250 




170 


ns 


EOP HIGH from CLK HIGH Delay Time 




250 




170 


ns 


EOP LOW to CLK HIGH Delay Time 




250 




100 


ns 


TASM 


ADR Stable from CLK HIGH 




250 




170 


ns 


TASS 


DB to ADSTB LOW Setup Time 


100 




100 




ns 


TCH 


Clock High Time (Transitions <10 ns) 


120 




70 




ns 


TCL 


Clock LOW Time (Transitions <10 ns) 


150 




50 




ns 


TCY 


CLK Cycle Time 


320 




200 




ns 


TDCL 


CLK HIGH to READ or WRITE LOW Delay (Note 4) 




270 




190 


ns 


TDCTR 


READ HIGH from CLK HIGH (S4) Delay Time 
(Note 4) 




270 




190 


ns 


TDCTW 


WRITE HIGH from CLK HIGH (S4) Delay Time 
(Note 4) 




200 




130 


ns 


TDQ1 
TDQ2 


HRQ Valid from CLK HIGH Delay Time (Note 5) 




160 




120 


ns 




250 




120 


ns 


TEPS 


EOP LOW from CLK LOW Setup Time 


60 




40 




ns 


TEPW 


EOP Pulse Width 


300 




220 




ns 


TFAAB 


ADR Float to Active Delay from CLK HIGH 




250 




170 


ns 


TFAC 


READ or WRITE Active from CLK HIGH 




200 




150 


ns 


TFADB 


DB Float to Active Delay from CLK HIGH 




300 




200 


ns 


THS 


HLDA Valid to CLK HIGH Setup Time 


100 




75 




ns 


TIDH 


Input Data from MEMR HIGH Hold Time 












ns 


TIDS 


Input Data to MEMR HIGH Setup Time 


250 




170 




ns 


TODH 


Output Data from MEMW HIGH Hold Time 


20 




10 




ns 


TODV 


Output Data Valid to MEMW HIGH 


200 




130 




ns 


TQS 


DREQ to CLK LOW (SI, S4) Setup Time 












ns 


TRH 


CLK to READY LOW Hold Time 


20 




20 




ns 


TRS 


READY to CLK LOW Setup Time 


100 




75 




ns 


TSTL 


ADSTB HIGH from CLK HIGH Delay Time 




200 




130 


ns 


TSTT 


ADSTB LOW from CLK HIGH Delay Time 




140 




90 


ns 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE (T A = oc to 70°c, v cc = 5,ov 

GND = OV) 


±5%, 


SymboS 


Parameter 


8237 


8237-2 


Unit 


Min. 


Max. 


Min. 


Max. 


TAR 


ADR Valid or CS LOW to READ LOW 


50 




50 




ns 


TAW 


ADR Valid to WRITE HIGH Setup Time 


200 




160 




ns 


TCW 


CS LOW to WRITE HIGH Setup Time 


200 




160 




ns 


TDW 


Data Valid to WRITE HIGH Setup Time 


200 




160 




ns 


TRA 


ADR or CS Hold from READ HIGH 












ns 


TRDE 


Data Access from READ LOW (Note 8) 




200 




140 


ns 


TRDF 


DB Float Delay from READ HIGH 


20 


100 





70 


ns 


TRSTD 


Power Supply HIGH to RESET LOW Setup Time 


500 




500 




/4S 


TRSTS 


RESET to First IOWR 


2TCY 




2TCY 




ns 


TRSTW 


RESET Pulse Width 


300 




300 




ns 


TRW 


READ Width 


300 




200 




ns 


TWA 


ADR from WRITE HIGH Hold Time 


20 









ns 


TWC 


CS HIGH from WRITE HIGH Hold Time 


20 









ns 


TWD 


Data from WRITE HIGH Hold Time 


30 




10 




ns 


TWWS 


Write Width 


200 




160 




ns 



WAVEFORMS 



SLAVE MODE WRITE 



iow J & 



jt 



y. 



x 



/" 



i— r 



X 



X 



SLAVE MODE READ 

cs \l 



'°- A3 Z!X 



ADDRESS MUST BE VALID 



X 



X 



IT 



DATA OUT VALID 



> 



6-102 



iny 



8237/8237-2 



WAVEFORMS (Continued) 



DMA TRANSFER 



ffi 



r* 



<m 



H 



j 



\ 



^sssm 



TASS 
TAHS 



ADDRESS VALID 



"\ 



\ 



\ 

(FOR EXTENDED WRITE)' 



X 



TASM 
-TAHW 



"\ 



WWWWWM J//////////// 



ADDRESS VALID 



A 



^ \\\\\\\V\ 



V 



f 



TAFAB 

-TAHW 



— ^TAK 
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WAVEFORMS (Continued) 



MEMORY-TO-MEMORY TRANSFER 




I -rnrvm U »-l 



\ kT '° S ^ 



TEPS— * 
TEPW 



WWWWWWWTO^ J////////// 



ADDRESS VALID 



(Z^?\. 



-C 



TDCTW 
*-TDCL- 



\JF 



> 



TAFC 



\_J 



READY 



x 



EXTENDED 
WRITE 



TRH 

TRS — 



vwwwwwv jzzr 



K- 



r 



r 
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WAVEFORMS (Continued) 



COMPRESSED TRANSFER 



X 



\ 




X 



r\ 



w 



/ 



-J -. TRS J - 



RESET 



V C C 



Jv 



f 



X. 
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PROGRAMMABLE DMA CONTROLLER 



MCS-85® Compatible 8257-5 
4-Channel DMA Controller 
Priority DMA Request Logic 
Channel Inhibit Logic 



■ Terminal Count and Modulo 128 
Outputs 

■ Single TTL Clock 

■ Single + 5V Supply 

■ Auto Load Mode 



The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function, The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 



d ' d °CO 



I /OR - 

i/ow- 



CLK - 
RESET - 



READY - 

HRQ - 
HLDA- 
MEMR •« 
MEMW ■* 
AEN - 
ADSTB •« 
TC - 



DATA 

BUS 

BUFFER 



« 



READ/ 
WRITE 
LOGIC 



o 



CONTROL 
LOGIC 
AND 
MODE 



o 



c 



c 



c 



c 



:> 



> 







> 



l/ORC 




40 


DA; 


i/owC 


2 


39 


DA 6 


MEM RC 


3 


38 


DA 6 


MEMWC 


4 


37 


3A 4 


markC 


5 


36 


DTC 


readyC 


6 


35 


> 3 


hldaC 




34 


DA ? 


ADSTB C 


8 


33 


^A, 


AENQ 


9 8257 32 


DA 


HRQC 


10 


31 


Dv cc 


csC 


11 


30 


^0 


clkC 


12 


29 


3D, 


resetC 


13 


28 


Dd 2 


DACK 2C 


14 


27 


3d, 


DACK3C 


15 


26 


I]D 4 


DRQ3C 


16 


25 


Ddacko 


DRQ2C 


17 


24 


Ddack 1 


DRQ iC 


18 


23 


3d 6 


DRQOC 


19 


22 


3D fi 


GNOC 


20 


21 


JD 7 



Figure 1 . Block Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

General 

The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 I/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 

3. Outputs the least significant eight bits of the memory 
address onto system address lines A0-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines A 8 -A 15 ), and 

4. Generates the appropriate memory and I/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., a sector of data on a 
floppy disk) in a single "burst". When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 



Block Diagram Description 
1. DMA Channels 

The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 
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Figure 3. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 

(DRQ 0-DRQ 3) 

DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 



(DACK - DACK 3) 

DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
chann el that it has been selected for a DMA cycle. The 
DACK output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (iow) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 

2. Data Bus Buffer 

This three-state, br-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 

(Do-D 7 ) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 821 2 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 
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3. Read/Write Logic 

When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a "slave" device on 
the system bus), the Read/Write Logic accepts the I/O 
Read (l/OR) or I/O Write (l/OW) signal, decodes the least 
significant four address bits, (A -A 3 ), and either writes 
th e cont ents of the data bus into the addressed register 
(if l/OW is true) or places the conte nts of the addressed 
register onto the data bus (if l/OR is true). 

During DMA cycles (i.e., when the 8257 is the bus 
"master"), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(l/OR) 

I/O Read: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or term inal count register to be read. In 
the "master" mode, l/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 



(l/OW) 

I/O Write: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode, l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (<t>2 TTL) or Intel® 8085A CLK output. 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 



(A0-A3) 

Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 
which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits of the 1 6-bit 
memory address generated by the 8257. 

ics) 

Chip Select: An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 



4. Control Logic 

This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 



°-O0 



CO 



REAO- 
WRITE 
> LOGIC 



CO 



CONTROL 
LOGIC 
AND 
MODC 



CD 



C 



c 



c 











y bit 

~* AODR 



Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(A 4 -A 7 ) 

Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles. 
READY must conform to specified setup and hold 
times. 

(HRQ) 

Hold Request: This output requests control of the 
system bus. In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU. HRQ 
must conform to specified setup and hold times. 

(HLDA) 

Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 



(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1 ), where n = the desired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 



(MEMR) 

Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 



(MEMW) 

Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 

(AOSTB) 

Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 
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Figure 6. 8257 Block Diagram Showing Control 
Logic and Mode Set Register 



6-110 



iny 



8257/8257-5 



5. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 



1,1,1,1, 1 ,1,1, 1 , 1 



_r 



Enables AUTOLOAD 

Enables TC STOP ' 

Enables EXTENDED WRITE- 

Enables ROTATING PRIORITY- 



T, 



Enables DMA Channel 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 



The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
Mode Set register are explained below: 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 




If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one. the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 





CHANNEL-** 
JUST SERVICED 


CH-0 


CH-1 


CH-2 


CH-3 


Priority — ► 
Assignments 


Highest 
Lowest 


CH-1 
CH-2 
CH-3 
CH-0 


CH-2 
CH-3 
CH-0 
CH-1 


CH-3 
CH-0 
CH-1 
CH-2 


CH-0 
CH-1 
CH-2 
CH-3 



Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel initially 
assigned to the highest priority for the first DMA cycle. 

Extended Write Bit 5 

If the E XTEN DED WRITE bit is set, the duration of both the 
MEMW and l/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they gener ate the ir READY response with the 
leading edge of the l/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the I/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 



TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 

Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
"update" cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 
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TC STATUS FOR CHANNEL 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 



The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 



The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 
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Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 

There are four pairs of "channel registers": each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally l/OR or l/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-A15 (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An I/O 
Write input (or Memory Write in memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (A 3 = 0) or the Mode Set (program 
only)/Status (read only) register (A3 = 1) is to be accessed. 

The least significant three address bits, A0-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, A0-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits Ai and A2 specify one of the 
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four channels. Because the "channel registers" are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always b eing a cc essed first. Do not allow CS to 
clock while either l/OR or l/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 
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*A -A-| 5 : DMA Starting Address, C -Ci 3 : Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-EN0: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TC0: TERMINAL COUNT STATUS BITS. 
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Figure 8. DMA Operation State Diagram 



DMA OPERATION 

Single Byte Transfers 

A single byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the sys tem bu s is free for its use. Once HLDA is 
received the DACK line fo r the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 



read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that t he bus 
is now free for use. DRQ must remain HIGH untH DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 

Control Override 

The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insjre that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 

Not Ready 

The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 

Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 

Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
control lines to the 8257's memory control lines. 

This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 1 4) bits in the terminal count register will have a 
different meaning: 
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Figure 12. High-Speed Communication Controller 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




V 2 v y°* 

Y _> TE ? T POINTS <C 
/ \-0.8 0.8 -7 


X 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC ' 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



"T. 
I 



C L = 150 pF 



C L INCLUDES JIG CAPACITANCE 



Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

T A(MIN) + T B(MAX) ^150 ns 

and only minimum specifications exist for T A and T B . If T A(M | N ) is used, and if T A and Tb are tracking parameters, 
Tb<max) can be taken as T B (min) + 50 ns. 

T A (MiN) + (Tb(MIN)* + 50 ns) < 150 ns 
*if T A and Tb are tracking parameters 
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WAVEFORMS— DMA 



CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 
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duplicated for clarity. SI I SI 

The 82S7 requires only 
one clock input. 
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WAVEFORMS (Continued) 
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Figure 13. Detailed System Interface Schematic 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 



(8257: T A = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


Volts 




V| H 


Input High Voltage 


2.0 


Vcc+.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


I l = 1-6 mA 


V H 


Output High Voltage 


2.4 


v C c 


Volts 


loH=-150juAfor AB, 
DBand AEN 
l ij=-8Q/iA for others 


Vhh 


HRQ Output High Voltage 


3.3 


Vcc 


Volts 


Iqh = -80/iA 


'cc 


Vcc Current Drain 




120 


mA 




IlL 


Input Leakage 




±10 


MA 


0V*sV, N s£V C c 


•OFL 


Output Leakage During Float 




±10 


JUA 


0.45V < V UT < V CC 


CAPACITA 


NCE (T A = 25°C; V C c = GND = 0V) 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


Ci/o 


I/O Capacitance 






20 


pF 


Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE 

(8257: T A = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V C c = 5.0V ±10%, GND = 0V) 

8080 Bus Parameters 
READ CYCLE 



Symbol 


Parameter 


8257 


8257-5 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Tar 


Adr or CSU Setup to RD4 












ns 




Tra 


Adror CSt Hold from RDt 












ns 




Trd 


Data Access from RD4 





300 





220 


ns 


(Note 2) 


Tdf 


DB-"Float Delay from RDt 


20 


150 


20 


120 


ns 




T RR 


RD Width 


250 




250 




ns 




WRITE CYCLE 


Symbol 


Parameter 


8257 


8257-5 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


T AW 


Adr Setup to WR 4 


20 




20 




ns 




T WA 


Adr Hold from WRt 












ns 




T DW 


Data Setup to WRt 


200 




200 




ns 




T WD 


Data Hold from WRt 












ns 




T WW 


WR Width 


200 




200 




ns 




OTHER TIMING 


Symbol 


Parameter 


8257 


8257-5 


Unit 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


T RSTW 


Reset Pulse Width 


300 




300 




ns 




Trstd 


Power Supplyt (V cc ) Setup to Reset! 


500 




500 




US 




T r 


Signal Rise Time 




20 




20 


ns 




Tf 


Signal Fall Time 




20 




20 


ns 




Trsts 




2 




2 




tCY 




Reset to First l/OWR 



A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T A = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V C c = 5.0V ±10%, GND = 0V) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8257 


82575 


Unit 


Min. 


Max. 


Min. 


Max. 


T CY 


Cycle Time (Period) 


0.320 


4 


0.320 


4 


lis 


T* 


Clock Active (High) 


120 


.8T CY 


80 


.8T CY 


ns 


T QS 


DRQI Setup to CLKl (SI, S4) 


120 




120 




ns 


T QH 


DRQI Hold from HLDAI [1] 












ns 


T HS 


HLDAl or ISetup to CLKl(SI, S4) 


100 




100 




ns 


T RS 


READY Setup Time to CLKt(S3, Sw) 


30 




30 




ns 


Trh 


READY Hold Time from CLKt(S3, Sw) 


20 




20 




ns 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T A = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 
(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 



TIMING RESPONSES 



Symbol 


Parameter 


8257 


8257-5 


Unit 


Min. 


Max. 


Min. 


Max. 


T D Q 


HRQt or I Delay from CLKt (SI,S4) 
(measured at 2.0V) ra 




160 




160 


ns 


T DQ1 


HRQI or 1 Delay from CLKt (SI.S4) 
(measured at 3.3V) [4] 




250 




250 


ns 


T AEL 


AEN! Delay from CLKl (S1F 




300 




300 


ns 


T AET 


AEN! Delay from CLKt (SIF 




200 




200 


ns 


T AEA 


Adr (AB) (Active) Delay from AENt (SI)"' 


20 




20 




ns 


T FAAB 


Adr (AB) (Active) Delay from CLKt (S1) [3] 




250 




250 


ns 


T AFAB 


Adr (AB) (Float) Delay from CLKt (Sl) [3] 




150 




150 


ns 


T ASM 


Adr (AB) (Stable) Delay from CLKt (S1) [3] 




250 




250 


ns 


Tah 


Adr (AB) (Stable) Hold from CLKt (S1p 


Tasm-50 




Tasm-50 




ns 


T AHR 


Adr (AB) (Valid) Hold from RDt (S1,SI) [1] 


60 




60 




ns 


T AHW 


Adr (AB) (Valid) Hold from Wrt (S1,Slp 


300 




300 




ns 


T FADB 


Adr (DB) (Active) Delay from CLKt (S1)^ 




300 




300 


ns 


T AFDB 


Adr (DB) (Float) Delay from CLKt (S2p 


Tstt+20 


250 


Tstt+20 


170 


ns 


T ASS 


Adr (DB) Setup to AdrStbl (S1-S2)™ 


100 




100 




ns 


T AHS 


Adr (DB) (Valid) Hold from Adr Stbl (S2)m 


50 




50 




ns 


T STL 


Adr Stbt Delay from CLKt (S1)^ 




200 




200 


ns 


T STf 


AdrStbl Delay from CLKt (S2)^ 




140 




140 


ns 


T SW 


AdrStb Width (S1-S2) [1] 


T CY -100 




T CY -100 




ns 


T ASC 


Rdl or Wr(Ext)i Delay from AdrStbl (S2)m 


70 




70 




ns 


T DBC 


RD1 or Wr(Ext)l Delay from Adr(DB) 
(Float) (S2) [1] 


20 




20 




ns 


Tak 


DACKt or i Delay from CLKl (S2,S1) and 
TC/Markt Delay from CLKt (S3) and 
TC/Markl Delay from CLKt (S4)[ 2 .5] 




250 




250 


ns 


T DCL 


RD1 or Wr(Ext)l Delay from CLKt (S2) and 
Wrl Delay from CLKt (S3)f 3 '« 




200 




200 


ns 


T DCT 


Rdt Delay from CLKl (S1.SI) and 
Wrt Delay from CLKt (S4)^ 




200 




200 


ns 


T FAC 


Rd or Wr (Active) from CLKt (S1)M 




300 




300 


ns 


T AFC 


Rd or Wr (Float) from CLKt (S!)^ 




150 




150 


ns 


T RWM 


Rd Width (S2-S1 or SI)"] 


2T CY +T fl -50 




2T CY + T0-5O 




ns 


Twwm 


Wr Width (S3-S4)"] 


T CY -50 




T CY -50 




ns 


T"WWME 


Wr(Ext) Width (S2-S4)™ 


2T CY -50 




2t CY -50 




ns 



NOTES: 

1. Tracking Parameter. 

2. Load = 1 TTL. 

3. Load = 1 TTL + 50 pF. 

4. Load = 1 TTL + (R L = 3.3K), Vqh = 3.3V. 



5. ATak < 50 ns. 

6. ATqcl < 50 ns. 

7. AT D ct < 50 ns. 
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8259A/8259A-2/8259A-8 
PROGRAMMABLE INTERRUPT CONTROLLER 



iAPX 86, iAPX 88 Compatible 
MCS-80®, MCS-85® Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-ln-Line Package 



The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1 . Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


v C c 


28 


I 


Supply: +5V Supply. 


GND 


14 


I 


Ground. 


CS 


1 


I 


Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 


WR 


2 





Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 


RD 


3 


I 


Read: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the 
CPU. 


D 7 -D 


4-11 


I/O 


Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 


CAS -CAS 2 


12,13,15 


I/O 


Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 


SP/EN 


16 


I/O 


Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 


INT 


17 





Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU, thus it is connected to the CPU's interrupt pin. 


IR0-IR7 


18-25 


I 


Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 


INTA 


26 


I 


interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 


Ao 


27 


I 


AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 
Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 

The most common method of servicing such devices ie 
the Polled approach. This is where the processor mus» 
test each device in sequence and in effect "ask" each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 
Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 

The 8259A 

The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 



match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 
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Figure 3a. Polled Method 




Figure 3b. Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (I MR) 

The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
V h 'eve' on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (p<PM) of the 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 



READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 



CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 
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Figure 4a. 8259A Block Diagram 
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Figure 4b. 8259A Block Diagram 



RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 



This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
8259A's used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address ont o the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows in an MCS-80/85 system: 

"I.One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the h igher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In th e AEO I mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 

The events occurring in an iAPX 86 system are the same 
until step 4. 

4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 



If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 



■°o 



CASCADE 

SUFFER 

COMPARATOR 



CONTROL LOGIC 



IS 



lh 



AJ\ PRIORITY /*- REQUEST "" ,R3 

y/RESOLVER^ REG |R4 
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X INTERNAL BUS 



Figure 4c. 8259A Block Diagram 
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CONTROL BUS 
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Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80®, MCS-85® 

This sequ ence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 



D7 


06 


DS 


D4 


D3 


02 


01 


DO 


1 


1 








1 


1 





1 



During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A 5 -A 7 are programmed, while A - 
A4 are automatically inserted by the 8259A. When Inter- 
val = 8 only A 6 and A 7 are programmed, while A -A 5 are 
automatically inserted. 

Content of Second Interrupt 
Vector Byte 



IR 


Interval = 4 




07 


06 


D5 


D4 03 


D2 


01 


DO 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


A5 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A5 





1 











A7 


A6 


A5 
















IR 


Interval » 8 




07 


D6 


DS 


D4 D3 


D2 


D1 


DO 


7 


A7 


A6 


1 


1 1 











6 


A7 


A6 


1 


1 











5 


A7 


A6 


1 


1 











4 


A7 


A6 


1 














3 


A7 


A6 





1 1 











2 


A7 


A6 





1 











1 


A7 


A6 





1 














A7 


A6 


















During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (A 8 -A 15 ), is 
enabled onto the bus. 

Content of Third Interrupt 
Vector Byte 



D7 


D6 


D5 


04 


D3 


D2 


D1 


DO 


I A15 


A14 


A13 


A12 


A11 


A10 


A9 


A8 I 



iAPX 86, iAPX 88 

iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 



not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
A 5 -Afi are unused in iAPX 86 mode): 

Content of Interrupt Vector Byte 
for IAPX 86 System Mode 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


17 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


17 


T6 


T5 


T4 


T3 








1 


IRQ 


17 


T6 


T5 


T4 


T3 












PROGRAMMING THE 8259A 

The 8259A accepts two types of command words gener- 
ated by the CPU: 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with A0 = and D4= 1, 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is set to 
IRR. 

f. If IC4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85 
system). 

'Note: Master/Slave in ICW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

A 5 -A 15 : Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (A -A 15 ). When the 
routine interval is 4, A -A 4 are automatically inserted by 
the 8259A, while A 5 -A 15 are programmed externally. 
When the routine interval is 8, A -A 5 are automatically 
inserted by the 8259A, while A 6 -A 15 are programmed 
externally. 

The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an iAPX 86 system A15-A-11 are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. A10-A5 are ignored and ADI (Address interval) has 
no effect. 

LTIM: If LTIM = 1, then the 8259 A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then interval = 4; 
ADI = then interval = 8. 

SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL= 1 no ICW3 will be issued. 



IC4: 



If this bit is set - ICW4 has to be read. If ICW4 
is not needed, set IC4 = 0. 



INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL = 0. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP= 1,or in buffered 
mode when M/S=1 in ICW4) a "1" is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or if BUF= 1 
and M/S = in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode is 
programmed. 

BUF: If BUF = 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S = 1 means the 
8259A is programmed to be a master, M/S = 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

jiPM: Microprocessor mode: /aPM = sets the 8259A for 
MCS-80, 85 system operation, /xPM = 1 sets the 
8259A for iAPX 86 system operation. 













ICW1 




i 




ICW2 






NO (SINGL = 1) 


S^ IN ^V. 

C CASCADE > 
^"V. MODE </r 

jTyES (SNGL = 0) 










ICW3 












NO (IC4 = 0) 


v^^ ISK 


JW4 ^s. 






V,. NEEDED ^r 
TyES (IC4 = 1) 




ICW4 














' 






READY TO ACCEPT 
INTERRUPT REQUESTS 













Figure 6. Initialization Sequence 
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LTIM ADI SNGL IC4 



ICW4 
Ao D7 D6 D6 D4 D3 D2 D1 Dq 



1 ICW4 NEEDED 
0* NO ICVY4 NEEDED 



CALL ADDRESS INTERVAL 
1- INTERVAL OF 4 
0- INTERVAL OF 8 



A,-A 5 of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 



A o 


D 


7 





6 


°5 


c 


4 





3 


°2 


D 1 


Do 




1 


A 1 5 / 

A 


A 14/ 

Ae 


A V 
A 5 


X 


% 


A 10 


S 


A l 
































A, 5 A e OF INTERRUPT 
VECTOR ADDRESS 

(MCS80/85MODE) 
T 7 -T 3 OF INTERRUPT 
VECTOR ADDRESS 

(8086/8088 MODE) 


A 


D 


7 


D 


6 


IC 




-W3 


(M 
D 


\ST 

4 


ER 

D 


DE 


/IC 

c 


E) 

2 







D 


b 





1 


&7 


S 6 


S 


s 4 


S3 


s? 


s, 


So 


































1 



= IR INPUT HAS A SLAVE 
IR INPUT DOES NOT HAVE 
A SLAVE 





































% 


°7 


D 6 


ICW3 (SLAVE DEVICE) 
°5 D 4 D 3 0, 


D 












1 

















ID, 


ID, 


•Do 




























SLAVE IDMi 











1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








t 


1 


























1 


1 


1 


1 





















SFNM BUF M/S AEOI juPM 



NON BUFFERED MODE 
BUFFERED MODE/SLAVE 
BUFFERED MODE/MASTER 



NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 



1 = SPECIAL FULLY NESTED 

MODE 
= NOT SPECIAL FULLY 

NESTED MODE 



Figure 7. Initialization Command Word Formal 
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OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 



OPERATION CONTROL WORDS (OCWs) 



AO 

LH 



D7 


06 


0CW1 
05 D4 


D3 


02 


D1 


DO 


| M7 


M6 


M5 M4 


M3 


M2 


M1 


MO | 



OPERATION CONTROL WORD 1 (0CW1) 

0CW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M 7 - M represent the eight mask 
bits. M = 1 indicates the channel is masked 
(inhibited), M = indicates the channel is enabled. 



OPERATION CONTROL WORD 2 (0CW2) 

R, SL, EOI — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 

L 2 , L 1( L — These bits determine the interrupt level acted 
upon when the SL bit is active. 



I | | R SL EOI L2 LT 



0CW3 

I I | ESMM SMM 1 P RR Ris] 



OPERATION CONTROL WORD 3 (0CW3) 

ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = the SMM bit becomes a 
"don't care". 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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% 


D 7 





6 


D 5 


D< 


D 3 


°2 


D, 


°0 




1 


M7 


M6 


M5 


M4 


M3 


M2 


Ml 


MO 






































INTERRUPT MASK 
1 = MASK SET 
= MASK RESET 







































A o 


D 7 


D 6 


°5 


OCW2 
D 4 °3 


c 


2 


D, 


Do 







R 


SL 


EOI 








L 2 


L, 


L 
























IR LEVEL TO BE 
ACTED UPON 













1 


2 


3 


4 


5 


6 


7 









1 





1 





1 





1 




















1 


1 








1 


1 


























1 


1 


1 


1 




































non-specific EO.COMMAND ) END OF .NTERRUPT 

SPECIFIC EOI COMMAND ) 

ROTATE ON NON-SPECIFIC EOI COMMAND \ 

ROTATE IN AUTOMATIC EOI MODE (SET) \ AUTOMATIC ROTATION 

ROTATE IN AUTOMATIC EOI MODE (CLEAR) J 

•ROTATE ON SPECIFIC EOI COMMAND 1 « M «„„„^„.^„ 
1 SPECIFIC ROTATION 
*SET PRIORITY COMMAND J 

NO OPERATION 




1 




1 1 




1 1 




1 









1 1 1 




1 1 




1 


















•LO-L2 ARE USED 























Ao 


D 7 


°6 


D 5 


OCW3 
D 4 D 3 


D 2 


D 




°0 










ESMM 


SMM 





1 


P 


RR 


RIS 
































READ REGISTER COMMAND 













1 





1 






















1 


1 
















NO ACTION 


READ 
IR REG - 
ON NEXT 
RD PULSE 


READ 
IS REG 
ON NEXT 
RD PULSE 




















1=POLL COMMAND 
0=NO POLL COMMAND 
























SPECIAL MASK MODE 











1 





1 




























1 


1 




















NO ACTION 


RESET 
SPECIAL 
MASK 


SET 
SPECIAL 
MASK 











Figure 8. Operation Command Word Format 
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FULLY NESTED MODE 

This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automat ically 
following the trailing edge of the last in sequence INTA 
pulse (when £EOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 

There are two forms of EOI command: Specific and Non- 
specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EOI 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCW2 (EOI = 1 , SL = 1 , R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A and 
not a slave. 



AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and "in service" status 
is: 

Before Rotate (IR4 the highest priority requiring service) 

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 



"IS" Status 


| | 1 | | 1 


| | | | 




Lowaat Priority 


Highaat Priority 


Priority Status 


LlJ 


6 | 5 | 4 


3 | 2 | 1 f | 



After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 



Priority Status 



IS7 IS6 ISS 


IS4 


IS3 


IS2 


IS1 


ISO 


|.|1|0 


" 


• 


• 


« 


l«l 



Highast Priority 



Lowaat Priority 



^o | 7+f fTjTJ- 



There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOI Command 
(R = 1 , SL = 0, EOI = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1 , SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 

SPECIFIC ROTATION 
(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1,SL= 1; LO-L2isthe binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R = 1, SL = 1, EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM=1, and cleared where SSMM = 1, 
SMM = 0. 



POLL COMMAND 

In this mode the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 

The Poll command is issued by setting P = "1" in OCW3. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD = 0, C5 = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during TO is: 

07 06 OS 04 03 02 01 00 



I 



- - W2 



W1 wo 



W0-W2: Binary code of the highest priority level 
requesting service. 
I: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a r outine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 




INTERNAL 
DATA BUS 



IAPX 86 
MODE 



NOTES 

1. MASTER CLEAR ACTIVE ONLY DURING ICW1 

2. FREEZE/ IS ACTIVE DURING INTa/ AND POLL SEQUENCES ONLY 

3. TRUTH TABLE FOR O LATCH 

CIO I I OPERATION 



Figure 9. Priority Ceil — Simplified Logic Diagram 
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READING THE 8259A STATUS 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMR]). 

Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 

In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1 , RIS = 0.) 

The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3(RR = 1, RIS = 1). 

There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously selected by 
the OCW3. This is not true when poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO = 1 
(OCW1). 

Polling overrides status read when P = 1 , RR = 1 in OCW3. 



EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If LTIM = '0', an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can re- 
main high without generating another interrupt. 

If LTIM = T, an interrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for "clean up" 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normal IR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IR7 routine 
was previously entered. If another IR7 occurs it is a 
default. 



J S 



/ 



-^ 



8086/8088 8080/8085 



t 




8086/8088 



\r\rrz 



EARLIEST IR 
CAN BE REMOVED 



LATCH* 
•EDGE TRIGGERED MODE ONLY ARMED 



Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 

a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority IR's within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EOI should be 
sent. 

BUFFERED MODE 

When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 



mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/EN output becomes active. 
This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 

CASCADE MODE 

The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus. The c ascad e bus acts like chip selects to the slaves 
during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 

The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 



ADDRESS BUS (16) 



CONTROL BUS 



7Y 



7^ 



<> I <> 



VlVf 



CS A„ DO-7 INTA 



8259A 
SLAVE A 



CASO 
CAS1 



CAS 2 
SP/EN 7 6 5 4 3 2 10 



ii ... i 



7 6 5 4 3 2 10 



7\ 



vlvr 



CS A DO-7 INTA 



8259A 
SLAVE B 



CASO 
CAS 1 



CAS 2 

SP/EN 7 6 5 4 3 2 10 



-a L. 



CS A D0-7 INTA I 

CASO 

8259A 
CAS 1 MASTER 

CAS 2 

SP/ENM7 M6 M5 M4 M3 M2 Ml M0 



7 6 5 4 3 2 10 



3 2 10 



INTERRUPT REQUESTS 



Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 

Ambient Temperature Under Bias -40°C to 85 °C Maximum Ratings" may cause permanent damage to the 

Storage Temperature -65°C to +150°C device. This is a stress rating only and functional opera- 

Voltage on Any Pin tion of the device at these or any other conditions above 

with Respect to Ground -0.5V to +7V those indicated in the operational sections of this specif i- 

Power Dissipation 1 Watt cation is not implied. 



D.C. CHARACTERISTICS [T A = 0°C to 70°C, V C c = 5V ±10% (8259-A), V C c = 5V ±10% (8259A)] 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


V CC +0-5V 


V 




Vol 


Output High Voltage 




0.45 


V 


Iql = 2.2mA 


V H 


Output High Voltage 


2.4 




V 


l H = -400/uA 


v OH(INT) 


Interrupt Output High 
Voltage 


3.5 




V 


l H = -100/utA 


2.4 




v 


Iqh = -400jaA 


"LI 


Input Load Current 




10 


/uA 


0V ^V, N *sV CC 


>LOL 


Output Leakage Current 




-10 


/jlA 


0.45V ^Vout^Vqc 


! cc 


Vqc Supply Current 




85 


mA 




'lir 


IR Input Load Current 




-300 


fiA 


V, N = 




10 


/uA 


V IN = V CC 



CAPACITANCE (T A = 25°C; v C c = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


fc = 1 MHz 


C|/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to V ss 



AC CHARACTERISTICS [T A = 0°C to 70°C, V cc = 5V ±5% (8259A-8), V cc = 5V ±10% (8259A)] 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8259A-8 


8259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TAHRL 


AO/CS Setup to RD/INTA| 


50 














ns 




TRHAX 


AO/CS Hold after RD/iNTA| 


5 














ns 




TRLRH 


RD Pulse Width 


420 




235 




160 




ns 




TAHWL 


AO/CS Setup to WR| 


50 














ns 




TWHAX 


AO/CS Hold after WRj 


20 














ns 




TWLWH 


WR Pulse Width 


400 




290 




190 




ns 




TDVWH 


Data Setup to WR] 


300 




240 




160 




ns 




TWHDX 


Data Hold after WRf 


40 














ns 




TJLJH 


Interrupt Request Width (Low) 


100 




100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or Third 
lNTA| (Slave Only) 


55 




55 




40 




ns 




TRHRL 


End of RD to Next Command 


160 




160 




160 




ns 




TWHRL 


End of WR to Next Command 


190 




190 




190 




ns 





Note: This is the low time required to clear the input latch in the edge triggered mode. 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


8259A-8 


8259A 


8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TRLDV 


Data Valid from RD/INTA] 




300 




200 




120 


ns 


C of Data Bus = 
100 pF 

C of Data Bus 

Max text C = 100 pF 

Min. test C = 15 pF 

C, NT = 100 pF 

C CASCADE = 100 pF 


TRHDZ 


Data Float after RD/INTA J 


10 


200 




100 




85 


ns 


TJHIH 


Interrupt Output Delay 




400 




350 




300 


ns 


TIALCV 


Cascade Valid from First INTAj 
(Master Only) 




565 




565 




360 


ns 


TRLEL 


Enable Active from RDj or INTAj 




160 




125 




100 


ns 


TRHEH 


Enable Inactive from RDj or INTAj 




325 




150 




150 


ns 


TAHDV 


Data Valid from Stable Address 




350 




200 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 




300 




200 


ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



~i 
1 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



WRITE 



\ 



cs 

ADDRESS BUS 
Ao 



X 



- TWLWH - 



/ 



X 



K 



X 
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WAVEFORMS (Continued) 



READ/INTA 

RDflNTA- 



ER- 



ADDftESS BUS 



\ 



X 



I 



\ 



f-i TAHUV •> i- 



f 



>— 



OTHER TIMING 

HD/INTA- 



/L TRMRL -\ / 



\ A- 



i r 



INTA SEQUENCE 


-•— TJHIM 


"\r 


^... 


«► TJUH ■* 

INT ' 


^<3) 


\ V \ 


INTA y 


fT^ 


' I / S 


KlT~ 




< >- 


H 


( >~-l 


-<z>- 






TCVDV -J 


TCVIAL 


*— 


— * 




- TCVIAL 


f 


^ / 


\ 




- TIALCV---* 





NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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8355/8355-2 
16,384-BIT ROM WITH I/O 



« 2048 Words x 8 Bits 

■ Single + 5V Power Supply 

■ Directly Compatible with 8085A 
and iAPX 88 Microprocessors 

■ 2 General Purpose 8-Bit I/O Ports 



■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ Internal Address Latch 

■ 40-Pin DIP 



The Intel® 8355 is a ROM and I/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A 
CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 lines and each I/O port line is individually pro- 
grammable as input or output. 

The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and full speed 5 MHz iAPX 88 microprocessors. 



«"<=> 

•*=> 



CE 2 - 
CEj- 
IO/M- 
ALE- 
RD- 

iow- 

RESET- 
IOR- 



2KX8 

ROM 






r 



V cc (+5V) 
V ss (0V) 




Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


ALE 


I 


Address Latch Enable: When high, AD0-7, IO/M, Ag-io. CE, and OE enter address latched. The signals (AD, IO/M, 
As-10. CE, CE) are latched in at the trailing edge of ALE. 


AD -7 


' 


Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the bus lines when 
ALE is high. During an I/O cycle, Port A or B is selected based on the latched value of ADo- If RD or IOR is low when 
the latched chip enables are active, the output buffers present data on the bus. 


A8-10 


1 


Address Bus: High order bits of the ROM address. They do not affect I/O operations. 


CE 2 


1 


Chip Enable: is active low and CE2 is active high. The 8355 can be accessed only when BOTH Chip Enables are 
active at the time the ALE signal latches them up. If either Chip Enable input is not active, the AD -7 and READY 
outputs will be in a high impedance state. 


IO/M 


1 


I/O Memory: If the latched IO/M is high when RD is low, the output data comes from an I/O port. If it is low, the out- 
put data comes from the ROM. 


RD 


1 


Read: If the latched Chip Enables are active when RD goes low, the AD0-7 output buffers are enabled and output 
either the selected ROM location or I/O port. When both RD and IOR are high, the AD0-7 output buffers are 3-state. 


lOW 


1 


I/O Write: If the latched Chip Enables are active, a low on IOW causes the output port pointed to by the latched 
value of ADo t0 D © written with the data on AD0-7. The state of IO/M is ignored. 


CLK 


1 


Clock: Used to force the READY into its high impedance state after it has been forced low by CE low, CE high and 
ALE high. 


READY 





READY: A 3-state output controlled by CE1 , CE 2 , ALE and CLK. READY is forced low when the Chip Enables are 
active during the time ALE is high, and remains low until the rising edge of the next CLK. 


PA -7 


I/O 


Port A: General purpose I/O pins. Their input/output direction is determined by the contents of Data Direction Reg- 
ister (DDR). Port A is selected for write operations when the Chip Enables are active and IOW is low and a was 
previously latched from ADq. 

Read operation is selected by either IOR low and active Chip Enables and ADq low, or IO/M high, RD low, active chip 
enables, and ADo low. 


PB -7 


I/O 


Port B: This general purpose I/O port is identical to Port A except that it is selected by a 1 latched from ADo- 


RESET 


1 


Reset : An input high causes all pins in Port A and B to assume input mode. 


IOR 


1 


I/O Read: When the Chip Enables are active, a low on IOR will output the selected I/O port onto the AD bus. IOR low 
performs the same function as the combination IO/M high and RD low. When IOR is not used in a system, IOR 
should be tied to Vcc (" 1 ")- 


vcc 




Voltage: +5 volt supply. 


v S s 




Ground: Ground Reference. 
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FUNCTIONAL DESCRIPTION 
ROM Section 

The 8355 contains an 8-bit address latch which allows it to 
interface directly to MCS-48, MCS-85, and iAPX 88 Micro- 
computers without additional hardware. 
The ROM section of the chip is addressed by an 11 -bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables 
are active and IO/M is low when RD goes low, the contents 
of the ROM location addressed by the latched address 
are put out through ADo-7 output buffers. 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of AD0-1. Two 8-bit Data Direction Registers (DDR ) 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A "0" in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is 
in the input mode. A "1" in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8355 are bit-by- 
bit programmable as inputs or outputs. The table sum- 
marizes port and DDR designation. DDR's cannot be 
read. 



ADi 


ADo 


Selection 





1 
1 



1 

1 


Port A 

Port B 

Port A Data Direction Register (DDR A) 

Port B Data Direction Register (DDR B) 



When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADo-l During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the sta te of IO/M. The actual output level does 
not change until IOW returns high (glitch free output). 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or IOR 
goes low. Both input and output mode bits of a selected 
port will appear on lines ADo-7- 

To clarify the function of the I/O ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 

Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out- 
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 



8355 
ONE BIT OF PORT A AND DDR A: 



/\ 



OUTPUT 
LATCH , 



r 1 



WRITE DDR A 



\7 



<3z 



i~~® 



READ PA 

WRITE PA = (JOW=0) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 
WRITE DDR A = (IOW=0) • jCHIP ENAJLES ACTIVE) • (DDR A ADDRESS SELECTED) 
READ PA = { [(I0/M=1) • (RD=0)] + (IOR=0)} • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE: WRITE PA IS NOT QUALIFIED BY IO/M. 



Figure 3. 8355 One Bit of Port A and DDR A 
System Interface with 8085A and iAPX 88 

A system using the 8355 can use either one of the two 
I/O Interface techniques: 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique is used, the system can use 
the feature of both CE and CE. By using a combination 
of unused address lines An -15 and the Chip Enable 
inputs, the system can use up to 5 each 8355's without 
requiring a CE decoder. See Figure 5a and 5b. 

If a memory mapped I/O approach is used the 8355 will 
be selected byjhe combination of both the Chip En- 
ables and IO/M using the ADe-is address lines. See 
Figure 4. 
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Figure 4. 8355 in 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM: 



• 1.25 KBytes RAM 

• 2 K Bytes ROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 






a 



CLK 



8284A 

RESET 



As— A19 



AD -AD 7 



8088 
READY 

MN/MX 

ALE 

RST@ RD 

WR 

IO/M 







ADDR/DATA 



-v C c 



GND 
(V S S) 



MANUAL 
RESET 






S> 



c 



c 



W 



V SS V cc 



PORT 
A 



c PORT 
_K DATA/ C 

) ADDR 






IO/M TIMER 
occct OUT 



iow 

RD 
ALE 



_ P0RT 
CE 

■N A 8 . 10 
v 8355-2 

"\ DATA/ 
^/ ADDR 

IO/M PORT 

RESET 

READY 

IOR 



Ov> 



TTT 



<s> 



Vcc 



V SS V CC V DD 






WR 
RD 

CEi 

1 811 
ALE 

CS, 

CE 2 

A 8 ,A 9 

AD -7 



v ss Vcc 



Figure 5a. iAPX 88 Five Chip System Configuration 
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SI 
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SZ 
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s/1 
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IO/M 
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7 












v cc 


^ 
















7 
















7 






















V CC 




A/D 0-7 A 8-10 R0 CLK ,0/M 

IOR ALE iOW READY CE 

8355 

(2K BYTES) 


A/D 0-7 A 8-10 RD CLK IO/M 
iOR ALE IOW READY CE 
8355 
(2K BYTES) 


A/D 0-7 A 8-10 RD CLK IO/M 
2 IOR ALE IOW READY CE 
8355 
(2K BYTES) 


A/0 ft-7 A 8-10 RD CLK IO/M 
2 IOR ALE IOW READY CE 2 
8355 
(2K BYTES) 


A/D 0-7 A 8-10 RD CLK IO/M 
IOR ALE IOW READY CE 
8355 
(2K BYTES) 


2 








NOTE: Use CEi for the first 8355 in the system, and CE2 for the other 8355s. Permits up to 5-8355's in a system without CE decoder. 
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Figure 5b. 8355 in 8085A System (Standard I/O) 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A 


= 0°C to 70°C; V CC = 5V ± 5%) 






Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


V CC = 5.0V 


V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


V CC = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


Iql = 2mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400juA 


IlL 


Input Leakage 




10 


MA 


0V =£ V 1N =£ V cc 


Ilo 


Output Leakage Current 




±10 


jLlA 


0.45V <V UT <V CC 


'cc 


Vcc Supply Current 




180 


mA 





A.C. CHARACTERISTICS (T A = o°c to 70°c ; v cc = sv ± 5%) 



Symbol 


Parameter 


8355 


8355-2 | 


Min. 


Max. 


Min. 


Max. 


Units 


tCYC 


Clock Cycle Time 


320 




200 




ns 


T1 


CLK Pulse Width 


80 




40 




ns 


T 2 


CLK Pulse Width 


120 




70 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width ^ 


250 




200 




ns 


tDW 


Data In to Write Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


10 




10 




ns 


twp 


WRITE to Port Output 




400 




400 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time 


50 




50 




ns 


tRYH 


READY HOLD Time 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



I 4 

^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



"1 
I 



C L = 150pF 



C L = 150pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



ROM READ AND I/O READ AND WRITE 



A / \ / \ J- V 



M 8-10 
IO/M 



ZX 

zx 



(CE!=0 -CE 2 =1) 



J 



>— a 



\ 



x 



\ 



\ 



x: 



> — c 



■*" *RnF ♦" 



/ 



XI 



f 



c: 



'L 



8355 CLOCK SPECIFICATIONS 




t r — 


/ 


.i T 2 ► 






h-+ 


\ 


h~ 


r i 


r 2.0 


v 
r Q.8V 




- T, * 








* 'CYC 
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WAVEFORMS (Continued) 














INPUT MODE 
OUTPUT MODE 


RDOR 
IOR 

PORT 
INPUT 

DATA* 
BUS 

iow 

PORT 
OUTPUT 

DATA* 
BUS 

*DATA E 












"V 


/ 


- 




\ — *pr 


Z> 








-)\ 










...X 

< 






\ 


_J 








GLITCH FREE 
^ OUTPUT 




W 








X 










::::::>c~ 

JUS TIMING IS SHOWN IN FIGURE 4. 


X 



WAIT STATE 



-j~\ r\ 



(CE 2 =1'CE 1 =0) 



READY — 





t^a r\ r\. 



y 




NOTE: Ready = 0. 
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8755A/8755A-2 
16, 384- BIT EPROM WITH I/O 



■ 2048 Words x 8 Bits 

■ Single + 5V Power Supply (V C c) 

■ Directly Compatible with 8085A 
and 8088 Microprocessors 

■ U.V. Erasable and Electrically 
Reprogrammable 

■ Internal Address Latch 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 8085A 
and 8088 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with no wait states in an 8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is 
individually programmable as input or output. 

The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the full speed 5 
MHz 8088. 



READY 



M 8~10 
CE 2 " 
IO/M- 
ALE' 
RD- 
IOW' 
RESET- 
lOR 






1 



2Kx8 
EPROM 



l/CE, J 






TL 



'cc < +5V > 
V ss (0V) 



PROG AND CEtC 


1 


^"^ 40 


p v cc 


CE 2 C 


2 


39 


D PB 7 


clkC 


3 


38 


D PB 6 


RESET £ 


4 


37 


D PB 5 


VddC 


5 


36 


H PB 4 


READY C 


6 


35 


3PB3 


io/mC 




34 


D PB 2 


lOR C 


8 


33 


D PB 1 


rdC 


9 


32 


D PB 


iowC 


10 


8755A/ 31 


D p A 7 


ALEC 


11 


8755A-2 30 


D PA 6 


AD oC 


12 


29 


D PA 5 


AD iC 


13 


28 


I] PA 4 


AD 2 C 


14 


27 


D PA 3 


AD 3 C 


15 


26 


D PA 2 


AD 4 C 


16 


25 


D PA 1 


AD 5 C 


17 


24 


D PA 


AD eC 


18 


23 


H A 10 


AD 7 C 


19 


22 


D A 9 


v ssC 


20 


21 


D A 8 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


ALE 


I 


Address Latch Enable: When Address 
Latch Enable goes high, AD0-7, IO/M, 
Ae-10, CE2, and CEi enter the address 
latches. The signals (AD, IO/M, As-io, 
CE) are latched in at the trailing edge of 
ALE. 


AD _7 


I 


Bidirectional Address/Data Bus: The 

lower 8-bits of the PROM or I/O address 
are applied to the bus lines when ALE is 
high. 

During an I/O cycle, Port A or B are 
selected based on the latched value of 
AD . IF RD or IOR is low when the latched 
Chip Enables are active, the output buf- 
fers present data on the bus. 


A8-10 


I 


Address: These are the high order bits 
of the PROM address. They do not affect 
I/O operations. 


PROG/CB, 
CE 2 


I 


Chip Enable Inputs: CE 1 is active low 
and CE2 is active high. The 8755A can be 
accessed only when both Chip Enables 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the AD0-7 and 
READY outputs will be in a high impe- 
dance state.CE-i is also used as a pro- 
gramming pin. (See section on 
programming.) 


IO/M 


I 


I/O Memory: If the latched IO/M is high 
when RD is low, the output data comes 
from an I/O port. If it is low the output 
data comes from the PROM. 


RD 


I 


Read: If the latched Chip Enables are 
active when RD goes low, the AD0-7 
output buffers are enabled and output 
either the selected PROM location or I/O 
port. When both RD and IOR are high, 
the AD0-7 output buffers are 3-stated. 


IOW 


I 


I/O Write: If the latched Chip Enables are 
active, a low on IOW causes the output 
port pointed to by the latched value of 
AD to be writtenwith the data on AD0-7. 
The state of IO/M is ignored. 


CLK 




Clock: The CLK is used to force the 
READY into its high impedance state 
after it has been forced low by CE-| low, 
CE 2 high, and ALE high. 



Symbol 


TVpe 


Name and Function 


READY 





Ready is a 3-state output controlled by 
CE 2 , CEl ALE and CLK. READY is forced 
low when the Chip Enables are actove 
during the time ALE is high, and remains 
low until the rising edge of the next CLK. 
(See Figure 6.) 


PA0-7 


I/O 


Port A: These are general purpose I/O 
pins. Their input/output direction is de- 
termined by the contents of Data Direc- 
tion Register (DDR). Port A is selected for 
write operations when the Chip Enables 
are active and IOW is low and a was 
previously latched from ADo, AD1. 

Read Operation is selected by either IOR 
low and active Chip Enables and ADq 
and AD1 low, or IO/M high, RD low, active 
Chip Enables, and ADq and AD-| low. 


PBo-7 


I/O 


Port B: This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from AD and a 
from AD-| . 


RESET 


I 


Reset: In normal operation, an input 
high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR 
register). 


IOR 




I/O Read: When the Chip Enables are 
active, a low on IOR will output the 
selected I/O port onto the AD bus. TOR 
low performs the same function as the 
combination of IO/M high and RD low. 
When IOR is not used in a system, IOR 
should be tied to Vqc (""•")• 


v C c 




Power: +5 volt supply. 


Vss 




Ground: Reference. 


V D D 




Power Supply: Vqd is a programming 
voltaae. and must be tied to Vrr when 
the 8755A is being read. 

For programming, a high voltage is 
supplied with V DD = 25V, typical. (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 

PROM Section 

The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 

The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CEi and CE2 are latched 
into the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and IO/M is low when RD 
goes low, the contents of the PROM location addressed 
by the latched address are put out on the AD0-7 lines 
(provided that Vqd is tied to Vcc) 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of AD0-1. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A "0" in a particular bit posi- 
tion of a DDR signifies that the corresponding I/O port bit 
is in the input mode. A"1" in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR's cannot be 
read. 



8755A 
ONE BIT OF PORT A AND DDR A: 



AD1 


ADo 


Selection 




1 
1 



1 


1 


Port A 

PortB 

Port A Data Direction Register (DDR A) 

Port B Data Direction Register (DDR B) 



When IOW goes low and the Chip Enables are active, the 
data on the AD is written into I/O port selected by the 
latched value of AD0-1. During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the sta te of IO/M. The actual output level does 
not change until IOW returns high, (glitch free output) 

A port can be read out when the latched Chip E nable s are 
active and either RD goes low with IO/M high, or IOR goes 
low. Both input and output mode bits of a selected port 
will appear on lines AD0-7. 

To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 



S\ 



OUTPUT 
LATCH 



r 



DDR 
LATCH , 



WRITE DDR A 



<£ 



'4~® 



V 7 

READ PA 
WRITE PA = (fOW=0) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 
WRITE DDR A = (IOW=0) • (CHIP ENAJLES ACTIVE) • (DOR A AODRESS SELECTEO) 
READ PA = { [(I0/M=1 ) • (ffB=0)] + (IOR*0) } • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE: WRITE PA IS NOT QUALIFIED BY IO/M. 



Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 

TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 



MODULE NAME 



USE WITH 



UPP 955 
UPP UP2(2) 
PROMPT 975 
PROMPT 475 



UPP(4) 
UPP 855 

PROMPT 80/85(3) 
PROMPT 48(1) 



NOTES: 

1. Described on p. 13-34 of 1978 Data Catalog. 

2. Special adaptor socket. 

3. Described on p. 13-39 of 1978 Data Catalog. 

4. Described on p. 13-71 of 1978 Data Catalog. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000/xW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the "1" state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed "0" can only be 
changed to a "1" by UV erasure. 

The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A's and 8755's are shown in Table 1. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) 'Vdd' should 
be at +5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 7. 



SYSTEM APPLICATIONS 

System Interface with 8085A and 8088 

A system using the 8755A can use either one of the two I/O 
Interface techniques: 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique is used, the system can use 
the feature of both CE3 and CE^. By using a combination 
of unused address lines A^.^ and the Chip Enable 
inputs, the 8085A system can use up to 5 each 8755A's 
without requiring a CE decoder. See Figure 2a and 2b. 

If a memory mapped I/O approach is used the 8755A will be 
selected by the combination of both the Chip Enables and 
IO/M using the AD8-15 address lines. See Figure 1. 





































8085A 


A N 


( A^ 




T " 


r ,> 


A 








V 


( AD . ? 








,> 


ALE 












V 


RD 










WR 












CLK (02) 














READY 
















IO/M 


















V CC 
























t \x \y 








A/D 0-7 A 8-10 RD CLK 10/M 
|0R ALE iOW READY CE 

8755A 















Figure 3. 8755A in 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM 

Figure 4 shows a five chip system containing: 

• 1.25K Bytes RAM 

• 2K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 2 Interrupt Levels 







S\ 



c 



< 



\7 \7 



V S S V cc 



V 



CE 
WR 



PORT 






PORT , 
RD 8155-2 

:l por c t |<v> 

ADDR N V 

IN - 
IO/M TIMER 

RESET 0UT I" 



t> 



V 



ALE 
CE 



OO 



DATA/ 
ADDR 

IO/M PORT 
B 
RESET 

READY 

IOR 



00 

Vcc 



ML. 



V SS V CC V DD 



V 



WR 
RD 

CEi 

81 
ALE 

CS, 

CE 2 

A 8 , A 9 



AD, 



'0-7 



Figure 4. iAPX 88 Five Chip System Configuration 
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W CO 



0) 



^ A/l 



t W 



RD CLK 10/M 
ALE SOW READY CE, 



T W 



"0-7 "1-10 



R0 CLK 10/H 
ALE i5W READY CE 2 



T\7V 



RD CLK 10/M 
ALE iOW READY CE 2 

8755A 
(2K BYTES) 






15 



00 

■M 
Ol 
Ol 



00 

01 
ai 

> 
10 



RD CLK 10/M 
ALE IOW READY CE, 



I\7\>1 



RD CLK 10/M 
ALE JBW READY CE 2 



8755A 
(2K BYTES) 



Note: Use CE-| for the first 8755A in the system, and CE2 for the other 8755 As. Permits up to 5-8755A'$ in a system without CE decoder. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto+70°C 

StorageTemperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation ■...' 1.5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°, v C c = v D d = 5V ± 5%; 

Vcc = Vdd = 5V ±10% for 8755A-2) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


V CC = 5.0V 


V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


V CC = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


Iol = 2mA 


V H 


Output High Voltage 


2.4 




V 


Iqh = -400/iA 


IlL 


Input Leakage 




10 


jjlA 


Vss * V, N *s V CC 


«LO 


Output Leakage Current 




±10 


juA 


V SS ^ 0.45V ^ V UT ^ V CC 


*CC 


Vcc Supply Current 




180 


mA 




'dd 


Vqd Supply Current 




30 


mA 


Vdd = v cc 


C|N 


Capacitance of Input Buffer 




10 


pF 


f C = VHz 


C|/0 


Capacitance of I/O Buffer 




15 


PF 


f c = 1/xHz 



D.C. CHARACTERISTICS— PROGRAMMING (T A = o°cto70°, v cc = 5V ± 5%, v ss = ov, v DD = 25V ±1 V; 

V C c = V D d = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Vdd 


Programming Voltage (during Write 
to EPROM) 


24 


25 


26 


V 


Idd 


Prog Supply Current 




15 


30 


mA 
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A.C. CHARACTERISTICS (T A = o°c to 70°, v cc = 5V ± 5%; 

Vcc = V DD = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


8755A 


8755A-2 
(Preliminary) 




Min. 


Max. 


Min. 


Max. 


Units 


tCYC 


Clock Cycle Time 


320 




200 




ns 


Ti 


CLK Pulse Width 


80 




40 




ns 


T 2 


CLK Pulse Width 


120 




70 




ns 


tf.tr 


CLK Rise and Fall Time 




30 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




45 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 




ns 


tRD 


Valid Data Out Delay from READ Control 




170* 




140* 


ns 


tAD 


Address Stable to Data Out Valid 




450 




330 


ns 


tLL 


Latch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/WRITE Control Width 


250 




200 




ns 


tow 


Data In to Write Set Up Time 


150 




150 




ns 


tWD 


Data In Hold Time After WRITE 


30 




10 




ns 


tWP 


WRITE to Port Output 




400 




300 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tRP 


Port Input Hold Time to Control 


50 




50 




ns 


tRYH 


READY HOLD Time to Control 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus Enable 


10 




10 




ns 


*LD 


ALE to Data Out Valid 




350 




270 


ns 



NOTE: 

Cload = 150pF. 
*Or T AD - (T AL + 



T|_c). whichever is greater. 



A.C. CHARACTERISTICS — PROGRAMMING 



(T A = 0°C to 70°, V C c = 5V ± 5% . V SS = 0V, V DD = 25V ±1 V; 
V cc = V DD = 5V ±10% for 8755A-2) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


tps 


Data Setup Time 


10 






ns 


tPD 


Data Hold Time 









ns 


ts 


Prog Pulse Setup Time 


2 






MS 


tH 


Prog Pulse Hold Time 


2 






MS 


tPR 


Prog Pulse Rise Time 


0.01 


2 




MS 


tPF 


Prog Pulse Fall Time 


0.01 


2 




MS 


tPRG 


Prog Pulse Width 


45 


50 




msec 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



J> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC T 
AND 0.8V FOR A LOGIC "0." 
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WAVEFORMS (Continued) 



I/O PORT 



A. INPUT MODE 
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DATA 1 
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B. OUTPUT MODE 
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WAVEFORMS (Continued) 



8755A PROGRAM MODE 
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- PROGRAM CYCLE - 
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n\ 



^ 

ADDRESS A 



xzx::: 



•VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH V DD = +5V FOR 8755A) 
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8801 

CLOCK GENERATOR CRYSTAL 

FOR 8224/8080A 



Specifically Selected for Intel® 8224 

18.432 MHz for 1.95 ^s 8080A Cycle 

Simple Generation of All Standard 
Communication Baud Rates 



■ Frequency Deviation ±0.005% 

■ Fundamental Frequency Mode 

■ 0°C to 70°C Operating Temperature 



The Intel® 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and the 8080A 
CPU. It resonates in the fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full 
speed (Tcy = 488 ns) to have a cycle of 1 .95 jxs and also simplifies the generation of all standard communica- 
tion baud rates. The 8801 crystal is exactly matched to the requirements of the 8080A/8224 and provides both 
high performance and system flexibility for the microcomputer designer. 




HDh 




STSTB (TO 8228 PIN 1) 



Figure 1. Block Diagram 



Figure 2. 8801 Interface 
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APPLICATIONS 

The selection of 1 8.432 MHz provides the 8080A with 
clocks whose period is 488ns. This allows the 8|080A 
to operate at very close to its maximum specified 
speed (480 ns). The 8224, when used with the 8801, 
outputs a signal on its OSC pin that is an approxi- 
mately symetrical square wave at a frequency of 
18.432 MHz. This frequency signal can be easily di- 
vided down to generate an accurate, stable baud 
rate clock that can be connected directly to the 
transmitter or receiver clocks of the 8251 USART. 
This feature allows the designer to support most 
standard communication interfaces with a minimum 
of extra hardware. 

The chart below shows the equivalent baud rates 
that are generated with the corresponding dividers. 



U .400 + 




n 




.510 


18801 




1 


| 


M 








1.500 




" 






♦.192* 





Figure 3. Packaging Information 



Table 1 . Baud Rate Chart 



Baud Rate 
64x 


Baud Rate 
16x 


Frequency 


Basic 
Divider 


Plus Trim 
Divider 


9600 




614.4 KH 




-30 


— 


4800 


19.2K 


307.2 KH 




-30 


+2 


2400 


9600 


153.6 KH 




-30 


+4 


1200 


4800 


76.8 KH 




-30 


+8 


600 


2400 


38.4 KH 




-30 


+ 16 


300 


1200 


19.2 KH 




-30 


+32 




600 


9.6 KH 




-30 


+64 




300 


4.8 KH 




-30 


+ 128 


*109.1 




6.982 KH 




-30 


+88 



NOTES: 

*For 109.1 (64x) Baud rate divide 1200 Baud Frequency (76.8 KH) by 11. 



ABSOLUTE MAXIMUM RATINGS 



Recommended Drive Level .5 mW 

Type of Resonance Series 

Equivalent Resistance 20 ohms 

Maximum Shunt Capacity 7 pF 

Maximum Frequency Deviation: 

0°-70°C ± .005% 

-55°-125°C ± .002% 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 
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iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 

8086/8086-2/8086-1 



■ Direct Addressing Capability to 1 
MByte of Memory 

■ Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages. 

■ 14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 



Bit, Byte, Word, and Block Operations 

8 and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 

Range of Clock Rates: 

5 MHz for 8086, 

8 MHz for 8086-2, 
10 MHz for 8086-1 

MULTIBUS™ System Compatible 
Interface 



The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 
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INDEX REGS 




INSTRUCTION 
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POINTER 
(5 WORDS) 



JT 
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INTERFACE 

UNIT 



3H 
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is/Sa 
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INTA.RO.WR 



3 NDT/R.DEN.ALE 



6BYTE 

INSTRUCTION 

QUEUE 



CONTROL & TIMING 



"¥ 



► LOCK 

"Tj OSo.QS, 

3 y si.s~i.sH 



GND C 


1 




40 


3 v C c 


AD14 £ 


2 




39 


"J AD15 


AD13 C 


3 




38 


3 A16/S3 


AD12 C 


4 




37 


3 A17/S4 


AD11 C 


5 




36 


3 A18/S5 


AD10 C 


6 




35 


3 A19/S6 


AD9 C 


7 




34 


3 BHE/S7 


AD8 C 


8 




33 


3 MN/MX 


AD7 C 
AD6 C 


9 

10 


8086 
CPU 


32 

31 


3 RD 

3 RQ/GT0 (HOLD) 


AD5 C 






30 


3 RQ/GT1 (HLDA) 


AD4 C 


12 




29 


3 LOCK (WR) 


AD3 C 


13 




28 


3 S2 <M/IO) 


AD2 C 


14 




27 


3 SI (DT/R) 


AD1 C 


15 




26 


3 SO (DEN) 


ADO C 


16 




25 


3 QS0 (ALE) 


NMI C 


17 




24 


3 QS1 (INTA) 


INTR £ 


18 




23 


3 TEST 


CLK C 


19 




22 


J READY 


GND C 


20 




21 


3 RESET 




40 LEAD 





Figure 1. iAPX 86/10 CPU Block Diagram 



Figure 2. iAPX 86/10 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for iAPX 86 systems in either minimum or maximum mode. The "Local 
Bus" in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional 
bus buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD 15 -AD 


2-16,39 


I/O 


Address Data Bus: These lines constitute the time multiplexed memory/IO address (T1) 
and data (T2, T 3 , T w , T 4 ) bus. A Is analogous to BHE for the lower byte of the data bus, 
pins D 7 -D . It is LOW during T-j when a byte is to be transferred on the lower portion of 
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use A to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus "hold 
acknowledge." 


Ai9/S 6 , 
A18/S5, 
A17/S4, 
A16/S3 


35-38 





Address/Status: During T1 these are the four most signi- 
ficant address lines for memory operations. During I/O 
operations these lines are LOW. During memory and I/O 
operations, status information is available on these 
lines during T 2 , T 3 , Tw, and T 4 . The status of the interrupt 
enable FLAG bit (S 5 ) is updated at the beginning of each 
CLK cycle. A-| 7 /S 4 and A 16 /S3 are encoded as shown. 

This information indicates which relocation register is 




A17/S4 


A 16 /S 3 


Characteristics 


0(LOW) 


1 (HIGH) 
1 

S 6 is0 
(LOW) 



1 


1 


Alternate Data 

Stack 

Code or None 

Data 


presently being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 




BHE/S7 


34 





Bus High Enable/Status: During T1 the bus high enable 
signal (BHE) should be used to enable data onto the 




most significant half of the data bus, pins Di 5 -D 8 . Eight- 
bit oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select func- 
tions. BHE is LOW during T t for read, write, and inter- 
rupt acknowledge cycles when a byte is to be transfer- 
red on the high portion of the bus. The S 7 status informa- 
tion is available during T2, T3, and T 4 . The signal is active 
LOW, and floats to 3-state OFF in "hold." It is LOW dur- 
ing T-| for the first interrupt acknowledge cycle. 


IhT 


Ao 


Characteristics 





1 

1 




1 



1 


Whole word 
Upper byte from/ 
. to odd address 
Lower byte from/ 
to even address 
None 




RD 


32 





Read: Read strobe indicates that the processor is performing a memory of I/O read cy- 
cle, depending on the state oHhe S 2 pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active LOW during T 2 , T 3 and T w of any read cycle, 
and is guaranteed to remain HIGH in T 2 until the 8086 local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge." 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or I/O device that it will 
complete trie data transfer. The READY signal from memory/IO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in- 
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 


INTR 


18 


I 


interrupt Request: is a level triggered input which is sampled during the last clock cy- 
cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software resetting the inter- 
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "Wait" instruction. If the TEST input is LOW execution 
continues, otherwise the processor waits in an "Idle" state. This input is synchronized 
internally during each clock cycle on the leading edge of CLK. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


NMI 


17 


I 


Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input is internally syn- 
chronized. 


RESET 


21 


I 


Reset: causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the Instruction Set description, when RESET returns LOW. RESET is internally syn- 
chronized. 


CLK 


19 


I 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




Vcc^ + 5V power supply pin. 


GND 


1,20 




Ground 


MN/MX 


33 


I 


Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 



The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = V$s)- Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 



S2, S-|, So 


26-28 





Status: active during T 4 , T 1? and T 2 and is returned to the 




passive state (1 ,1 ,1) during T 3 or during T w when READY 
is HIGH. This status is used by the 8288 Bus Controller 
to generate all memory and I/O access control signals. 
Any change by S 2 , S^ or S during T 4 is used to indicate 
the beginning of a bus cycle, and the return to the pas- 
sive state in T3 or T w is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF in "hold acknowl- 


s 2 


Si 


s 


Characteristics 


(LOW) 





1 (HIGH) 
1 

1 
1 





1 

1 




1 
1 




1 



1 



1 



1 


Interrupt 

Acknowledge 

Read I/O Port 

Write I/O Port 

Halt 

Code Access 

Read Memory 

Write Memory 

Passive 


edge." These status lines are encoded as shown. 




RQ/3T 0) 
RQ/GT! 


30,31 


I/O 


Request/Grant: pins are used by other local bus masters to force the processor to 
release the local bus at_the end of the processor's current bus cycle. Each pin is 
bidirectional with RQ/GT having higher priority than RQ/GT-|. RQ/GT has an internal 
pull-up resistor so may be left unconnected. The request/grant sequence is as follows 
(see Figure 9): 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
("hold") to the 8086 (pulse 1). 

2. During a T 4 or T| clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master 
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it will enter 
the "hold acknowledge" state at the next CLK. The CPU's bus interface unit is discon- 
nected logically from the local bus during "hold acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that 
the "hold" request is about to end and that the 8086 can reclaim the local bus at the 
next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead CLK cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T 4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T 2 . 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 
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Table 1. Pjn Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 








If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 


LOCK 


29 





LOCK: output indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the "LOCK" 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFF in "hold acknowledge." 


QSi, QS 


24,25 





Queue Status: The queue status is valid during the CLK 
cycle after which the queue operation is performed. 

QSt and QSo provide status to allow external tracking of 
the internal 8086 instruction queue. 



The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = V cc ). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 



M/IO 


28 





Status line: logically equivalent to S 2 in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T 4 preceding a bus cycle 
and remains valid until the final T 4 of the cycle (M = HIGH, IO=LOW). M/IO floats to 
3-state OFF in local bus "hold acknowledge." 


WR 


29 





Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T 2 , T 3 and T w of any write cy- 
cle. It is active LOW, and floats to 3-state OFF in local bus "hold acknowledge." 


INTA 


24 





INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
T 2 , T 3 and Tw of each interrupt acknowledge cycle. 


ALE 


25 





Address Latch Enable: provided by the processor to latch the address into the 8282/ 
8283 address latch. It is a HIGH pulse active during T-| of any bus cycle. Note that ALE 
is never floated. 


DT/R 


27 





Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S-i in the maximum mode, and its timing is 
the same as for M/IO. (T= HIGH, R = LOW.) This signal floats to 3-state OFF in local bus 
"hold acknowledge." 


DEN 


26 





Data Enable: provided as an output enable for the 8286/8287 in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T 2 until the mid- 
dle of T 4 , while for a write cycle it is active from the beginning of T 2 until the middle of 
T 4 . DEN floats to 3-state OFF in local bus "hold acknowledge." 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus "hold." To be acknowl- 
edged, HOLD must be active HIGH. The processor receiving the "hold" request will 
issue HLDA (HIGH) as an acknowledgement in the middle of a T 4 orT| clock cycle. Simul- 
taneous with the issuance of HLDA the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will LOWer HLDA, and when 
the processor needs to run another cycle, it will again drive the local bus and control 
lines. 

The same rules as for RQIGT apply regarding when the local bus will be released. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 



GENERAL OPERATION 

The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of 
Figure 1. 

These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Up to 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 

The instruction stream queuing mechanism allows the 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces "dead time" on the memory bus. The queue 
acts as a First-In-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 



The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 



MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the perfor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D 15 -D 8 ) and a low bank (D 7 -D ) of 51 2K 8-bit bytes 
addressed in parallel by the processor's address lines 

A19 - Ai. Byte data with even addresses is transferred on 
the D7-D0 bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the Dis -Dsbu s lines, The process- 
or provides two enable signals, BHE and Ao, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


Ail stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 
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consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 



Figure 3a. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task multi- 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
00000H through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 













RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFOH 

3FFH 
3FCH 

7H 

4H 
3H 

OH 




INTERRUPT POINTER 
FOR TYPE 2S5 




INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 









Figure 3b. Reserved Memory Locations 



MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maximum 
iAPX 86/10 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the strap pin. When 
MN/MX pin is strapped to GND, the 8086 treats pins 24 
through 31 in maximum mode. An 8288_bus controller 
interprets status information coded into So,S 1 ,S 2 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUS™ architecture. When the MN/MX pin is 
strapped to Vco the 8086 generates bus control signals 
itself on pins 24 through 31, as shown in parentheses in 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 
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BUS OPERATION 

The 86/10 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This "local bus" can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T^ T 2 , T 3 and T 4 (see 
Figure 5). The address is emitted from the processor 
during T-| and data transfer occurs on the bus during T 3 
and T 4 . T 2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (T w ) are inserted between T 3 and T 4 . Each 
inserted "Wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8086 bus cycles. 
These are referred to as "Idle" states (T ( ) or inactive CLK 
cycles. The processor uses these cycles for Interna! 
housekeeping. 

During T-| of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 

Status bits S , S 1( and S 2 are used, in maximum mode, 
by the bus controller to identify the type of bus transac- 
tion according to the following table: 



s 2 


Si 


So 


CHARACTERISTICS 


0(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1(HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S 3 through S 7 are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during T 2 through T 4 . S 3 and S 4 indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord- 
ing to the following table: 



s 4 


s 3 


CHARACTERISTICS 


(LOW) 



1(HIGH) 

1 




1 



1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. S6=0 and 
S7 is a spare status bit. 



I/O ADDRESSING 

In the 86/10, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The 
I/O address appears in the same format as the memory 
address on bus iines A-15-A0. The address lines A-ig-A^ 
are zero in I/O operations. The variable I/O instructions 
which use register DX as a pointer have full address capa- 
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page of the I/O 
address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
D 7 -D bus lines and odd addressed bytes on D 15 -D 8 . 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 
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Figure 5. Basic System Timing 
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EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFF0H (see 
Figure3B). The details of this operation are specified in the 
Instruction Set description of the MCS-86 Family User's 
Manual. The RESET input is internally synchronized to the 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must occur no sooner than 50 /xs after 
power-up, to allow complete initialization of the 8086. 

NMI may not be asserted prior to the 2nd CLK cycle fol- 
lowing the end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt "type". An interrupting device supplies 
an 8-bit type number, during the interrupt acknowledge 



sequence, which is used to "vector" through the ap- 
propriate element to the new interrupt service program 
location. 

NONMASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 86/10 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 



| T, | ' T 2 | T 3 | T 4 



~tf- 



~i h 



I 




TYPE VECTOR 



Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from T 2 of the first bus cycle until T 2 of the second. A 
local bus "hold" request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 

HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S 2 S-|S and the 8288 bus controller issues one ALE. The 
8086 will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software "LOCK" prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the inst ructio n following the "LOCK" 
prefix instruction. While LOCK is active a request on a 
RQ/GT pin will be recorded and then honored at the end 
of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 pr ovides a single software- 
testable input known as the TEST signal. At any time the 
pro gram m ay execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program exe cution 
becomes suspended while the processor waits for TEST 



to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re-executed 
repeatedly until that time. This activity does not con- 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
"Hold"is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures_4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to V cc and the proc- 
essor emits bus control signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to Vss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il- 
lustrates the signal timing relationships. 
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Figure 7. iAPX 86/10 Register Model 



SYSTEM TIMING - MINIMUM SYSTEM 

The read cycle begins in T-i with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the loca l bus at this time, 
into the 8282/8283 latch. The BHE and A signals 
address the low, high, or both bytes. From Ti to T 4 the 
M/IO signal indicates a memory or I/O operation. At T 2 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at T 2 . The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) i s req uired to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T 2 immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T 4 . During T 2 , T 3 , and T w t he p rocessor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T 2 as opposed to the read 
which is delayed somewhat into T 2 to provide time for 
the bus to float. 

The BHE and A signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 



BHl 


A0 


CHARACTERISTICS 








Whole word 





1 


Upper byte from/ 
to odd address 


1 





Lower byte from/ 
to even address 


1 


1 


None 



I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D 7 -D bus lines and odd addressed bytes on D 15 -D 8 . 

The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 



read (RD) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D 7 -D as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 

BUS TIMING— MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is connected to 
V S s and the 8288 Bus Controller is added to the system as 
well as an 8282/8283 latch for latching the system address, 
and a 8286/8287 transceiver to allow for bus loading 
greater than the 8086 is capable of handling. Signals ALE, 
DEN, and DT/R are generated by the 8288 instead of the 
processor in this configuration although their timing re- 
mains relatively the same. The 8086 status outputs (S 2 , S-| , 
and S ) provide type-of-cycle information and become 
8288 inputs. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 8288 thus issues control 
signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of 
write strobes, normal and advanced, to be applied as re- 
quired. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, and hence data isn't valid 
at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and OE inputs from the 8288's DT/R 
and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus, aTTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature - 65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1.0 to + 7V 

Power Dissipation 2.5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability 



D.C. CHARACTERISTICS (8086: t a = o°c to 7o°c, v cc = 5V ± 10%) 

(8086-1 : T A = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V cc = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


V CC + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l=2.5 mA 


Voh 


Output High Voltage 


2.4 




V 


l 0H = -400 mA 


*cc 


Power Supply Current: 8086 
8086-1 
8086-2 




340 
360 
350 


mA 


T A =25°C 


ly 


Input Leakage Current 




±10 


MA 


0V ^ V, N ^ V cc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V < V 0UT < V cc 


V C L 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V C c +1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD -AD 15 , RQ/GT) 




15 


PF 


fc=1 MHz 


C IO 


Capacitance of I/O Buffer 
(AD -AD 15 , RQ/GT) 




15 


PF 


fc= 1 MHz 
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A-C. CHARACTERISTICS (8086: t a = o°c to 70°c, v cc = 5V ± 10%) 

(8086-1 : T A = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V cc = 5V ± 5%) 



MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 


Units 


Test 
Conditions 






Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






TCLCL 


CLK Cycle Period 


200 


500 


100 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


(% TCLCL)- 15 




(% TCLCL)- 14 




(% TCLCL)- 15 




ns 


TCHCL 


CLK High Time 


(1/3 TCLCL) +2 




(V3 TCLCL) +6 




(1/3 TCLCL) +2 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1 .0V to 
3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 
1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 8284A (See 
Notes 1,2) 


35 




35 




35 




ns 


TCLR1 X 


RDY Hoid Time 
into 8284A (See 
Notes 1,2) 

















ns 


TRYHCH 


READY Setup 
Time into 8086 


(%TCLCL)-15 




53 




(% TCLCL)- 15 




ns, 


TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-10 




-8 




ns 


THVCH 


HOLD Setup Time 


35 




20 




20 




ns 


TINVCH 


INTR, NMI.TEST 
Setup Time (See 
Note 2) 


30 




15 




15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 
0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 


Units 


Test 
Conditions 






Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






TCLAV 


Address Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


*C L = 20-100 pF 
for all 8086 Out- 
puts (In addi- 
tion to 8086 self- 
load) 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float 
Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




40 




50 


ns 


TCHLL 


ALE Inactive Delay 




85 




45 




55 


ns 


TLLAX 


Address Hold Time 
to ALE Inactive 


TCHCL-10 




TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-25 




TCLCH-30 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


110 


10 


50 


10 


70 


ns 


TCHCTV 


Control Active 
Delay 2 


10 


110 


10 


45 


10 


60 


ns 


TCVCTX 


Control Inactive 
Delay 


10 


110 


10 


50 . 


10 


70 


ns 


TAZRL 


Address Float to 
READ Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


60 


10 


80 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-35 




TCLCL-40 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


60 


10 


100 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-40 




2TCLCL-50 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-35 




2TCLCL-40 




ns 


TAVAL 


Address Valid to 
ALE Low 


TCLCH-60 




TCLCH-35 




TCLCH-40 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at 8284A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



■ TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC T' AND "0." 



DEVICE 
UNDER 
TEST 



"1 
I 



C L = 100 pF 



C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



MINIMUM MODE 



CLK (8284A Output) 



V C H 

*CL 



M/15 



BHE/S7, A18/S6-A16/S3 



RDY (8284A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 
(NOTE 1) 

(WR.IntTUVoh) 



ADis-ADo 



X 



T1 
-TCLCL- 



X 



/ 



TCLAX-- 




T3 Tw 
— TCL2CL1 / 



BHE, A19-A16 



TAVAL 

TCHLL-H 



\ 



TAVAL 
TLLAX- 



X3 



X 



VlHT 
V|L" 
TRYLCL- 



"Y 



x"a_ta 



S7-S3 






TRYHCH- 

*-TCLAZ 
«*-TCLAX 



r 



■\_ 



^ 



-TCHCTV TCLRL 



\ 





X 



I 






c 
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WAVEFORMS (Continued) 



MINIMUM MODE (Continued) 



CLK (8284A Output) 



M/IO 



v ■* TCLCL -TCH1CH2-J U- —I k- TCL2CL1 / 

VCL 



BHE/S7, A19/S6-A16/S3 



WRITE CYCLE 
(NOTE 1) , 

(RD.INTA, 
DTm = V OH ) 



INTA CYCLE 
(NOTES 1 & 3) 
RDjVR = V H 

ffRI=v L) 



SOFTWARE HALT— 
RD, WR, INTA = Vqh 
DT/R = INDETERMINATE 



X 



X 



/ 



BHE, A10-A16 



TAVAL 

TCHLL— I 



\ 



X 



| TCLDV— 
TCLAX— 



X 



-*l TL 



X 



\ 



TAVAL 
TLLAX k- 



\ 



TCVCTX- 
-TDVCL— 




X 



X 



/ 

/ 



f 



I — c 

h— TCVCTX 

Jr — 




)C 



INVALID ADDRESS 



SOFTWARE HALT 



NOTES: 

1. All signals switch between Voh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T 3 , Tw to determine if T w machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 (Preliminary) 


Units 


Test 
Conditions 






Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






TCLCL 


CLK Cycle Period 


200 


500 


100 


500 


125 


500 


ns 


TCLCH 


CLK Low Time 


(% TCLCL)- 15 




(% TCLCL)- 14 




(% TCLCL)- 15 




ns 


TCHCL 


CLK High Time 


(V3 TCLCL) +2 




(Va TCLCL) +6 




(Va TCLCL) +2 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1 .0V to 
3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 
1.0V 


TDVCL 


Data in Setup Time 


30 




5 




20 




ns 




TCLDX 


Data In Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into 8284A (See 
Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into 8284A (See 
Notes 1,2) 

















ns 


TRYHCH 


READY Setup Time 
into 8086 


(% TCLCL)- 15 




53 




(% TCLCL)- 15 




ns 


TCHRYX 


READY Hold Time 
into 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 4) 


-8 




-10 




-8 




ns 


TINVCH 


Setup Time for 
Recognition (INTR, 
NMI, TEST) (See 
Note 2) 


30 




15 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




12 




15 




ns 


TCHGX 


RQ Hold Time into 
8086 


40 




20 




30 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1 . Signal at 8284A or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


8086 


8086-1 (Preliminary) 


8086-2 (Preliminary) 


Units 


Test 
Conditions 






Min. 


Max. 


Min. 


Max. 


Min. 


Max. 






TCLML 


Command Active 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


C L = 20-100 pF 
for all 8086 Out- 
puts (In addi- 
tion to 8086 self- 
load) 


TCLMH 


Command Inactive 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


TRYHSH 


READY Active to 
Status Passive (See 
Note 3) 




110 




45 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


45 


10 


60 


ns 


TCLSH 


Status Inactive 
Delay 


10 


130 


10 


55 


10 


70 


ns 


TCLAV 


Address Valid 
Delay 


10 


110 


10 


50 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


10 


40 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE 
High (See Note 1) 




15 




15 




15 


ns 


TSVMCH 


Status Valid to 
MCE High (See 
Note 1) 




15 




15 




15 


ns 


TCLLH 


CLK Low to ALE 
Valid (See Note 1) 




15 




15 




15 


ns 


TCLMCH 


CLK Low to MCE 
High (See Note 1) 




15 




15 




15 


ns 


TCHLL 


ALE Inactive Delay 
(See Note 1) 




15 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay 
(See Note 1) 




15 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


50 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active 
Delay (See Note 1) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive 
Delay (See Note 1) 


10 


45 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to 
Read Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


70 


10 


100 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


60 


10 


80 


ns 


TRHAV 


RD Inactive to 
Next Address Active 


TCLCL-45 




TCLCL-35 




TCLCL-40 




ns 


TCHDTL 


Direction Control 
Active Delay (See 
Note 1) 




50 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay (See 
Note 1) 




30 




30 




30 


ns 


TCLGL 


GT Active Delay 





85 





45 





50 


ns 


TCLGH 


GT Inactive Delay 





85 





45 





50 


ns 


TRLRH 


RD Width 


2TCLCL- 75 




2TCLCL-40 




2TCLCL-50 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 
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WAVEFORMS 



MAXIMUM MODE 



QSo.QSi 



$l,Sl,5£ (EXCEPT HALT) 



BHE/S7, A19/S6-A16/S3 



ALE (8288 OUTPUT) 



ROY (8284A INPUT) 



READY (8086 INPUT) 



READ CYCLE 



8288 OUTPUTS 
SEE NOTES 5,6 



MRDC OR iORC 



"\_ 



TSVLH— 
TCLLH 



X 



BHE, A 19 -Ai 6 



r 



X 



\ 



X 



TCH1CH2-hJ L- —J U-TCL2CL1 Tw 
+- -. -TCHCL — TCLCh 

-A X A X. 



zm: 



1 



¥ 



(SEE NOTE 8) 

TCHDX — 



S 7 -S 3 



\ 



r 




\ 



J 



XL 



\-. 



X 



/ 




XL 
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WAVEFORMS (Continued) 



MAXIMUM MODE (Continued) 



jr\_^rw~s^rv^r\ 



Sl.Sl.S^ (EXCEPT HALT) 



WRITE CYCLE 



8288 OUTPUTS 
SEE NOTES 5,6 



INTA CYCLE 



AMWC OR AIOWC 



MWTC OR IOWC 



AD15-AD0 

(SEE NOTES 3 & 4) 



MCE/ 
PDETJ 



8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE H ALT- 

(DEN = Vol;KB,MRDC,IORC,MWTC,AMWC,IOWC,AIOWC,INTA, = Vqh) 



± 



Jr T< 

a xu— 



_c 




\ 



T 



y-<z 



"A 



/ 



FLOAT 
-TCLDX 



■c 



-c 



/ 

/ 



/ 



INVALID ADDRESS 



"Y 



f 



v 



NOTES: 

1. All signals switch between Voh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2l T 3 , T w to determine if T w machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T 4 . 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



x 




TINVCH (see note 1) 



NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 



BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

Any CLK Cycle— <4 U Any CLK Cycle — I 



"M 



\r 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



AD 15 -AD J— 

Ai 9 /S 6 -A 16 /S 3 

Sl,Sl,S5 

HP, rocR , 

BHE/S7 




L TGVCH 



TZl 



r ' * 



PULSE 3 < 

COPROCESSOR/ 

RELEASE / 



COPROCESSOR 



^r 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



RD, _ }— 

BHE/S7. M/IO, 
DT/R, WR, DEN 



1 OR 2 CYCLES - 




r 



\ 



COPROCESSOR 

{J 



)K 
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Table 2. Instruction Set Summary 



Register/memory to/from register 
Immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register /memory 

PUSH = Push: 
Register/memory 



POP = Pop: 

Register/memory 
Register 
Segment register 

XCHG = Exchange: 
Register/memory with register 
Register with accumulator 

IN=lnput from: 
Fixed port 
Variable port 

OUT = Output to: 
Fixed port 
Variable port 

XLAT=Translate byte to AL 
LEA=Load EA to register 
LDS=Load pointer to DS 
LES=Load pointer to ES 
LAHF=i_oad AH with flags 
SAHF=Store AH into flags 
PUSHF=Push flags 
POPF=Pop flags 



Reg. /memory with register to eitl 
Immediate to register/memory 
:e to accumulator 



ADC = Add with cirry: 

Reg /memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

Register/memory 

Register 

AAA=ASCII adjust for add 

D*A=Decimal adjust for add 



7 6 5 4 3 2 10 


7 6 5 43210 


7 6 5 4 3 2 10 


7 6 5 4 3 2 10 


|_1 00 1 Od w 


mod reg r/m 




( 1 1 00 1 1 w 


mod r/m 


data 


data if w 1 | 


[ 1 1 1 w reg 


data 


data il w 1 




[1 1 w 


addr-low 


addr-high 




| 1 1 1 w 


addr-low 


addr-high 




| 1 1 1 1 


mod reg r/m 






| 1 1 1 


mod reg r/m 





11111111 


mod 1 1 


r/m | 


10 10 reg 






reg 1 1 





| 1 1 1 1 1 ImodO r/m | 


| 1 1 1 reg 




| reg 1 1 1 




| 1 1 1 w 


mod reg r/m | 


| 1 1 reg 








| 1 1 1 1 w 


port | 


| 1 1 1 1 1 w 








[ 1 1 1 1 1 w 


port | 


p 1 i 11 1 1 1 w 




[110 10 111 




| 1 1 1 1 


mod reg r/m J 


| 1 1 000 1 1 


mod reg r/m J 


[110 10 


mod reg r/m | 


[10 11111 




| 1 1 1 1 1 




[To 011100 




1 1 1 1 1 1 





d w | mod 'eg r/m 






1 s w jmodO r/m 


data 


data if s w 01 | 


1 w | data 


data if w 1 





1 d w | mod reg r/m 




1 s w |modO 1 r/m 


data [ data if s w 01 | 


1 1 w | data 


dataifwO | 



[00110111 I 

|00 1 00 1 1 1 [ 



SUB = Subtract: 



te from register/memory 
Immediate from accumulator 

SBB = Subtract with borrow 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from a 



| 1 1 


i w 


mod reg r/m 








1 1 


s w 


mod 10 1 r/m 


data 


data if 


sw=01 | 


J 1 1 1 


3 w 


data 


data if w=1 







000 1 1 Od w 


mod reg r/m 








1 00000 s w 


modO 1 1 r/m 


data 


data if 


w=01 | 


00 1 1 1 w 


data 


data if w=1 







76543210 76543210 76543210 76543210 



Register/memory 

Register 

NEGChangesign 

CMP Compare: 

Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS ASCII adjust tor subtract 
DAS Decimal adjust lor subtract 
MM. Multiply (unsigned) 
IMUL Integer multiply (signed) 
AAM ASCII adiust for multiply 
OIV Divide (unsigned) 
IDIV Integer divide (signed) 
AAD ASCII adjust lor divide 
CBW Convert byte to word 
CWO Convert word to double word 



NOT Invert 

SHL/SAL Shift logical/arithmetic left 

SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCl Rotate through carry flag left 

RCR Rotate through carry right 



I1111111W 


mod 1 


r/m | 


1 1 1 reg 




|1 1 1 1 1 1 w 


modO 1 1 


r/m | 



1 1 1 d w 


mod reg r/m 






1 s w 


modi 1 1 r/m 


data 


data if sw 01 | 


1 1 1 1 w 


data 


data if w 1 




111111 






10 1111 






1 1 1 1 1 1 w 


mod 1 r/m 




1 1 1 1 1 1 w 


mod 1 1 r/m 




110 10 10 


10 10 




1 1 1 1 1 1 w 


mod 110 i/m 




1 1 1 1 1 1 w 


mod 1 1 1 r/m 




110 10 10 1 


10 10 




10 110 






10 110 1 





1 1 1 1 1 1 w |mod 10 r/m 

1 1 1 v w [mod 10 r<m 

1 1 1 v w | modi 1 r/m 

1 1 1 vw mod 1 1 1 r/m 

110100VW mod 000 r/m 

1 1 1 v w |modO 1 r/m 

1 1 1 v w jmodO 1 r/m 

I 1 1 1 v w [ mod 1 1 r/m 



iory and register to either [O01000dw|mi 



TEST And lunction to flags, no result: 

Register/memory and register \_ 

Immediate data and register/memory [ 
Immediate data and 



w mod 1 



o accumulator 



| 1 1 1 0~w" 



OR Or: 

Reg /memory and regist 



X0R Exclusive or: 

Reg /memory and register t 



lediate to register/memory | 1 w 

Immediate to accumulator yF 



I datanwl | 



7^ 



77T] 



STRING MANIPULATION 

REP=Repeat 
MOVS=Move byte/word 
CMPS=Compare byte/word 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 
STOS=Stor byte/wd from AL/A 



1 



Mnemonics ©Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 



CONTROL TRANSFER 
CALL - Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg. adding immed to SP 

Intersegment 

Intersegment, adding immediate to SP 

JE/JZ=Jump on equal/zero 

JL/JNGE=Jump on less/not greater 

JLE/JNG=Jump on less or equal/not 

greater 
JB/JNAE=Jump on below/not above 

or equal 
JBE/JM=Jump on below or equal/ 

not above 
JP/JPP ',mp on parity /parity even 

J0= . n overtlow 

JS= i jn sign 

JN! ! Jump on not equal /not zero 
JN* i. Jump on not less/greater 

or equal 
JS8..E, jo=Jump on not less or equal/ 

greater 



76543210 76543210 76543210 



[1110 10 


disp-low 


disp-high j 


[11111111 


mod 1 r./m 




1 1 1 1 1 


offset-low 


offset-high | 




seg-low 


seg-high | 


I11111111 


mod 11 r/m 





li 1101001 


disp-low 


disp-high | 


[ 1 1 1 1 1 1 


disp 




I........ 


mod 1 r/m 




1 1 1 1 1 1 


offset-low 


offset-high | 




seg-low 


seg-high | 


11 1 1 1 1 1 1 1 


mod 10 1 r/m 





11000011 






110000 10 


data-low | data-high | 


110 10 11 




110 10 10 


data-low | data-high | 


1110 10 


disp 


■ 


111110 


disp 


1111110 


disp 


1110 10 


disp 


1110 110 


disp 


11110 10 


disp 


1110000 


disp 




11110 


disp 




1110 10 1 


disp 




111110 1 


disp 




01111111 


disp 





JNB/JAE=Jump on not below/above 

or equal 
JNBE/JA=Jump on not below or 

equal/above 
JNP/JP0=Jump on not par/par odd 

JN0=Jump on not overflow 
JNS-Jump on not sign 
LOOP Loop CX times 
L00PZ/L00PE=Loop while zero/equal 
LOOPNZ/LOOPNE-Loop while not 

zero/equal 
JCXZ-Jump on CX zero 

INT Interrupt 

Type specified 

Type 3 

INTO^Interrupt on overflow 

IRETHnterrupt return 



PROCESSOR CONTROL 

CLC Clear carry 

CMC Complement carry 

STC Set carry 

CLO Clear direction 

STO Set direction 

CLI Clear interrupt 

STI Set interrupt 

HLT Halt 

WAIT Wait 

ESC Escape (to external device) 

LOCK Bus lock prefix 



76543210 76543210 



1110 11 


disp 


1110 111 


disp 


01111011. 


disp 


1110 1 


disp 


1 1. 1 1 1 


disp 


1110 10 


disp 


1110 1 


disp 


1110 


disp 


1110 11 


disp 



| 1 1 1 1 1 


type | 


| 1 1 1 1 




| 1 1 1 1 1 




| 1 1 1 1 1 1 





111110 




11110 10 1 


111110 1 
1111110 


1111110 1 




111110 10 




111110 11 




11110 100 




10 110 11 




110 11 xxx 


mod x x x r/m | 


11110 





Footnv 

AL = 8 . ocumulator 

AX = w accumulator 

CX = Cu - register 

DS = D<< ig merit 

ES = Ext segment 

Above/tr, ! w refers to unsigned value. 

Greater •= r ore positive; 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte instruction 



if s:w = 01 then 16 bits of immediate data form the operand, 
if s:w = 11 then an immediate data byte is sign extended to 

form the 16-bit operand. 
if v = then ' 'count' ' = 1 ; if v = 1 then "count" in (CL) 
x = don't care 

z is used for string primitives for comparison with Z,F FLAG. 
SEGMENT OVERRIDE PREFIX 



|0 1 reg 1 10] 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 

'except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 



REG is assigned according to the following table: 



16-Bit (w = 1) 


8-Bit (w - 0) 


Segment 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


011 BX 


011 BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file as a 16-bit object use 
the symbol FLAGS to represent the file: 



FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 



Mnemonics© Intel, 1978 
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iAPX 88/10 

(8088) 

8-BIT HMOS MICROPROCESSOR 



■ 8-Bit Data Bus Interface 

■ 16-Bit Internal Architecture 

■ Direct Addressing Capability to 1 Mbyte 
of Memory 

■ Direct Software Compatibility with 
iAPX 86/10 (8086 CPU) 

■ 14-Word by 16-Bit Register Set with 
Symmetrical Operations 



■ 24 Operand Addressing Modes 

■ Byte, Word, and Block Operations 

■ 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, 
Including Multiply and Divide 

■ Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 



The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 
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Figure 1. iAPX 88/10 CPU Functional Block Diagram 



Figure 2. iAPX 88/10 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus" in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus 
buffers). 



Symbol 


Pin No. 


Type 


Name and Function 


AD7-AD0 


9-16 


I/O 


Address Data Bus: These lines constitute the time multiplexed memory/IO 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus "hold acknowl- 
edge", 


A15-A8 


2-8, 39 





Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle (T1-T4). These lines do not have to be latched by ALE to remain valid. 
A15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus "hold acknowledge". 


A19/S6, A18/S5, 
A17/S4, A16/S3 


34-38 





Address/Status: During T1, these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on these lines during 






T2, T3, Tw, and T4. S6 is always low. The status of 
the interrupt enable flag bit (S5) is updated at 
the beginning of each clock cycle. S4 and S3 are 
encoded as shown. 


S4 


S3 


CHARACTERISTICS 




(LOW) 


1 (HlfiH) 

S6 is (LOW) 





Alternate Data 


This information indicates which segment reg- 
ister is presently being used for data accessing. 

These lines float to 3-state OFF during local bus 
"hold acknowledge". 






RD 


32 





Read: Read strobe indicates that the processor is performing a memory or I/O 
read cycle, depending on the state of the IO/M pin or S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 


READY 


22 


I 


READY: is the acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 


INTR 


18 


I 


Interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. fNTR is internally synchronized. This 
signal is active HIGH. 


TEST 


23 


I 


TEST: input is examined by the "wait for test" instruction. If the TEST input is 
LOW, execution continues, otherwise the processor waits in an "idle" state. This 
input is synchronized internally during each clock cycle on the leading edge of 
CLK. 


NMI 


17 


I 


Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 



7-26 



irrteT 



iAPX 88/10 



[p^iyoM^v 



Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


RESET 


21 


I 


RESET: causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. 


CLK 


19 


I 


Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


v C c 


40 




Vcc- 'S the +5V ±10% power supply pin. 


GND 


1,20 




GND: are the ground pins. 


MN/MX 


33 


I 


Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 



The following pin function descriptions are for the 8088 minimum mode (i.e., MNIMX = Vqc). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 



IO/M 


28 


O 


Status Line: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. IO/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (l/0=HIGH, M=LOW). 
IO/M floats to 3-state OFF in local bus "hold acknowledge". 


WR 


29 


O 


Write: strobe indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the IO/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus "hold 
acknowledge". 


INTA 


24 


O 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


ALE 


25 


O 


Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


DT/R 


27 


O 


Data Transmit/Receive: is needed in a minimum system that desires to use an 
8286/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to S1 in the maximum 
mode, and its timing is the same as for IO/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local "hold acknowledge". 


DEN 


26 


O 


Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
I/O access, and for INTA cycles. For a read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
beginning of T2 until the middle of T4. DEN floats to 3-state OFF during local bus 
"hold acknowledge". 


HOLD, HLDA 


30,31 


I, 


HOLD: indicates that another master is requesting a local bus "hold". To be 
acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or 
Tl clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 


SSO 


34 


O 








Status line: is logically equivalent to SO in the 
maximum mode. The combination of SSO, IO/M 
and DT/R allows the system to completely de- 
code the current bus cycle status. 


IO/M 


DT/R 


SSO 


CHARACTERISTICS 




1 (HIGH) 

(LOW) 



















Interrupt Acknowledge 

Read I/O port 

Write I/O port 

Halt 

Code access 

Read memory 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX=GND.) Only the pin 
functions which are unique to maximum mode are described; all other pin functions are as described above. 



Symbol 



Pin No. 



Type 



Name and Function 



S2, S1.S0 



26-28 



Status: is active during clock high of T4, T1, 
and T2, and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 8288 bus con- 
troller to generate all memory and_l/0 access 
control signals. Any change by S2, S1, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF during "hold 
acknowledge". During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-state 
OFF. 



S2 


SI 


so 


CHARACTERISTICS 


(LOW) 




1 (HIGH) 


















Interrupt Acknowledge 

Read I/O port 

Write I/O port 

Halt 

Code access 

Write memory 



RQ/GTO, 
RQ/GT1 



30,31 



I/O 



Request/Grant: pins are used by other local bus masters to force the processor 
to release the local b us at the end of the processor's current bus cycle. Each pin 
is bidirectional with RQ/GTO having higher priority than RQ/GT1 . RQ/GT has an 
internal pull-up resistor, so may be left unconnected. The request/grant se- 
quence is as follows (See Figure 8): 

1 . A pulse of one CLK wide from another local bus master indicates a local bus 
request ("hold") to the 8088 (pulse 1). 

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the "hold acknowledge" state at the next CLK. 
The CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the "hold" request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 

Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 
LOW. 

If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 
follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 
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Table 1. Pin Description (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



LOCK 



29 



LOCK: indicates t hat ot her system bus maste rs are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
"LOCK" prefix instruction and remains active until the completion of the next 
instruction. This signal is active LOW, and floats to 3-state off in "hold acknowl- 
edge". 



QS1.QS0 



24,25 



Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. 

The queue status is valid during the CLK cycle 
after which the queue operation is performed. 



QS1 


oso 


CHARACTERISTICS 


(LOW) 



1(HIGH) 






No operation 

First byte of opcode from queue 
Empty the queue 
Subsequent byte from queue 



34 



Pin 34 is always high in the maximum mode. 
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FUNCTIONAL DESCRIPTION 
Memory Organization 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 



SEGMENT 
REGISTER FILE 



J FFFFFH 

>CODE SEGMENT 
XXXXOH 

\ STACK SEGMENT 

> DATA SEGMENT 

> EXTRA DATA SEGMENT 



the next higher address location. The BIU will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFF0H through FFFFFH are reserved for 
operations including a jump to the initial system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFF0H where the jump 
must be located/Locations 00000H through 003FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi- 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to V C c, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 







FFFFFH 
FFFF0H 

3FFH 
3F0H 

7H 

4H 
3H 

OH 




RESET BOOTSTRAP 
PROGRAM JUMP 


• 
• 


INTERRUPT POINTER 
FOR TYPE 255 


• 
• 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 







Figure 3. Memory Organization 



Figure 4. Reserved Memory Locations 



Memory 
Reference Need 


Segment Register 
Used 


Segment 
Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a 
segment override. 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85™ multi- 
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
form. 

The demultiplexed mode requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans- 
ceiver can also be used if data bu s buf fering is required. 
(See Figure 6.) The 8088 provides DEN and DT/R to con- 



trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 

The maximum mode employs the 8288 bus controller. 
(See Figure 7.) The 8288 decodes status lines SO, S1, 
and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. 
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Figure 5. Multiplexed Bus Configuration 
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Figure 6. Demultiplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 8088 address/data bus is broken into three parts — 
the lower eight address/data bits (AD0-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 



tion, the bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multiplexed 
bus is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address is emitted from the processor 
during T1 and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 



-(4 + N W ait)«Tcy- 
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Figure 8. Basic System Timing 
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"wait" states (Tw) are inserted between T3 and T4. Each 
inserted "wait" state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus 
cycles. These are referred to as "idle" states (Ti), or inac- 
tive CLK cycles. The processor uses these cycles for in- 
ternal housekeeping. 

During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 

Status bits SO, SI , and S2 are used by the bus controller, 
in maximum mode, to identify the type of bus transac- 
tion according to the following table: 



S2 


ST 


so 


CHARACTERISTICS 


(Low) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (High) 








Instruction fetch 


1 





1 


Read data from memory 


1 


1 





Write data to memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4, S3 and S4 indicate which segment register 
was used for this bus cycle in forming the address ac- 
cording to the following table: 



S4 


S3 


CHARACTERISTICS 


(Low) 


1 (High) 
1 



1 


1 


Alternate data (Extra Segment) 

Stack 

Code or none 

Data 



S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 



I/O Addressing 

In the 8088, I/O operations can address up to a maxi- 
mum .of 64K I/O registers. The I/O address appears in the 
same format as the memory address on bus lines 
A15-A0. The address lines A19-A16 are zero in I/O 
operations. The variable I/O instructions, which use 
register DX as a pointer, have full address capability, 
while the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page of the I/O ad- 
dress space. I/O ports are addressed in the same man- 
ner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 
8-bit address on both halves of the 16-bit address bus. 
The 8088 uses a full 16-bit address on its lower 16 ad- 
dress lines. 



EXTERNAL INTERFACE 
Processor Reset and Initialization 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. 
The 8088 will terminate operations on the high-going 
edge of RESET and will remain dormant as long as 
RESET is HIGH. The low-going transition of RESET trig- 
gers an internal reset sequence for approximately 7 
clock cycles. After this interval the 8088 operates nor- 
mally, beginning with the instruction in absolute loca- 
tion FFFF0H. (See Figure 4.) The RESET input is inter- 
nally synchronized to the processor clock. At initializa- 
tion, the HIGH to LOW transition of RESET must occur 
no sooner than 50 lis after power up, to allow complete 
initialization of the 8088. 

If INTR is asserted sooner than nine clock cycles after 
the end of RESET, the processor may execute one in- 
struction before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 

Interrupt Operations 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the 8086 Family User's 
Manual. Hardware interrupts can be classified as non- 
maskable or maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations through 3FFH (see Fig- 
ure 4), which are reserved for this purpose. Each ele- 
ment in the table is 4 bytes in size and corresponds to 
an interrupt "type". An interrupting device supplies an 
8-bit type number, during the interrupt acknowledge se- 
quence, which is used to vector through the appropriate 
element to the new interrupt service program location. 

Nori-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable in- 
terrupt request (INTR) pin. A typical use would be to acti- 
vate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition 
of NMI is latched on-chip and will be serviced at the end 
of the current instruction or between whole moves (2 
bytes in the case of word moves) of a block type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
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occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering ex- 
traneous responses. 



Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 

During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores the flags. 



HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the systemjto latch 
the halt s tatus. Halt status is available on IO/M, DT/R, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on S2, S1, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 

Read/Modify/Write (Semaphore) Operations 
via LOCK 

The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the "exchange register with memory" 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a RQ/GT pin will 
be recorded, and then honored at the end of the LOCK. 



External Synchronization via TEST 

As an alternative to interrupts, t he 80 88 provides a 
single software-testable input pin (TEST). This input is 
utilized by executing a WAIT instruction. The single 
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Figure 9. Interrupt Acknowledge Sequence 
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WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does 
not consume bus cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize interrupts and process them. 
The WAIT instruction is then refetched, and reexecuted. 

Basic System Timing 

In minimum mode, the MN/MX pin is strapped to V cc 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. 

System Timing — Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (AD0-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
man] valid throughout the bus cycle. From T1 to T4 the 
IO/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) js re quired to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and T w , the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 

The basic difference between the interrupt acknowl- 
edge cycle a nd a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is float ed. (See 
Figure 9.) In the second of two successive INTA cycles, 
a byte of information is read from the data bus, as sup- 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 



Bus Timing — Medium Complexity Systems 

(See Figure 10.) 

For medium complexity systems, the MN/MX"pin is con- 
nected to GND and the 8288 bus controller is added to 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading gr eate r than the8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (S2, S1, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives the u sual T and OE inputs from the 
8288's DT/R and DEN outputs. 

The pointer into the inter rupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software "poll". 



The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the 8086 Family User's Manual, Chapters 2 
and 4, for function description and instruction set 
information. 

Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 

• The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 
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To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 

The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 



The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. 



The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes: 

• A8-A15 — These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner 
similar to the 8085 upper address lines. 

• BHE has no meaning on the 8088 and has been elimi- 
nated. 

• SSO provides the SO status information in the mini- 
mum mode. This output oc curs on pin 34 in minimum 
mode only. DT/R, IO/M, and SSO provide the complete 
bus status in minimum mode. 

• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 
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Figure 10. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias ; . .0°C to 70°C 

Storage Temperature - 65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 2.5 Watt 



"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l = 2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = 400 mA 


•cc 


Power Supply Current 




340 


mA 


T A = 25°C 


Ili 


Input Leakage Current 




±10 


MA 


0V^V, N ^V CC 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V < V 0UT < V cc 


V C L 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


Vcc+1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD -AD 7 RQ/GT) 




15 


PF 


fc = 1 MHz 


C IO 


Capacitance of I/O Buffer 
(AD -AD 7 RQ/GT) 




15 


pF 


fc = 1 MHz 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/3 TCLCL)- 15 




ns 


TCHCL 


CLK High Time 


(% TCLCL) +2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 


TRYHCH 


READY Setup Time into 8088 


(2/3 TCLCL)- 15 




ns 


TCHRYX 


READY Hold Time into 8088 


30 




ns 


TRYLCL 


READY Inactive to CLK(See Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


35 




ns 


TINVCH 


INTR, NMI, TEST Setup Time (See Note 2) 


30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLAV 


Address Valid Delay 


10 


110 


ns 


C L = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TLHLL 


ALE Width 


TCLCH-20 




ns 


TCLLH 


ALE Active Delay 




80 


ns 


TCHLL 


ALE Inactive Delay 




85 


ns 


TLLAX 


Address Hold Time to ALE Inactive 


TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time After WR 


TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


ns 


TAZRL 


Address Float to READ Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TWLWH 


WR Width 


2TCLCL-60 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



-TEST POINTS - 



DEVICE 
UNDER 
TEST 



~1 
I 



C L = 100 pF 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 45V FOR 
A LOGIC 0. THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC 1" AND " 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



BUS TIMING— MINIMUM MODE SYSTEM 



CLK (8284 Output) 



A19/S6-A16/S3 



RDY (8284 Input) 
SEE NOTE 5 



READY (8088 Input) 



READ CYCLE 

(NOTE 1) 

(WR,INTA = V h) 



AD7-AD0 



VCL 



X 



X 



/ 



X 



\ 



TCHLL 

— TAVAL — 



X 



CH1CH2-*! L- -J L 



T3 Tw 
— TCL2CL1 / 



r^^ur\ 



A15 - A 8 (Float during INTA) 



X 



\ 



-s- 1 H— TC! 



-•-TCHCTV TCLRL 



\ 




r 



-\. 




x 



X 



-/ 



IC 
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WAVEFORMS (Continued) 



BUS TIMING— MINIMUM MODE SYSTEM (Continued) 



CLK (8284 Output) 



AD7-AD0 



TCH1CH2-*! L- -J U- TCL2CL1 / 



WRITE CYCLE 

NOTE1 



INTA CYCLE 

NOTES 1,3 

(Rb,WR = V H) 



AD 7 - AD 



SOFTWARE HALT - 

DEN,RD,WR,FNfA = Voh AD 7 - AD 

DT/R INDETERMINATE 



T3 Tw 




I 



INVALID ADDRESS 



SOFTWARE HALT 



NOTES: 1. ALL SIGNALS SWITCH BETWEEN V H AND V L UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T w TO DETERMINE IF T w 
MACHINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE. 

4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

5. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHEPWISE 
^OTED 
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A.C. CHARACTERISTICS (Continued) 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


ns 




TCLCH 


CLK Low Time 


(% TCLCL)- 15 




ns 


TCHCL 


CLK High Time 


( 1 / 3 TCLCL)+2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1,2) 







ns 


TRYHCH 


READY Setup Time into 8088 


(2/3 TCLCL)- 15 




ns 


TCHRYX 


READY Hold Time into 8088 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 


TINVCH 


Setup Time for Recognition (INTR, NMI, TEST) 
(See Note 2) 


30 




ns 


TGVCH 


RQ/GT Setup Time 


30 




ns 


TCHGX 


RQ Hold Time into 8086 


40 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHiL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 


C L = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 


TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


ns 


TCLAV 


Address Valid Delay 


10 


110 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 


TSVMCH 


Status Valid to MCE High (See Note 1) 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 


TCLMCH 


CLK Low to MCE High (See Note 1) 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


TCLMCL 


MCE Inactive Delay (See Note 1) 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 


TAZRL 


Address Float to Read Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 


TCLGL 


GT Active Delay 




110 


ns 


TCLGH 


GT Inactive Delay 




85 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 statej. 
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WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM MODE 
SYSTEM (USING 8288) 



TCLCi. "TCH1CH2—I U- — -A U-TCL2CL1 Tw 



§i,ST,S^ (EXCEPT HALT) 



ALE (8288 OUTPUT) 



ROY (8284 INPUT) 



READY (8088 INPUT) 



8288 OUTPUTS 
SEE NOTES 5,6 



MRDCORIORC 



v 



TSVLH 
TCLLH* 



X 



X 



X 



f 



X 



\ 



X 



X 



p 



1 



X 



t (SEE NOTE 8) 



TCLAX 
TCLAZ 



*- TRYHCH— ► 



A 



T 



^mm^ 



/ 



"V 



y~ 



\ 



x 



X 



/ — 
/ 




A 



r 




r 



7-46 



iny 



iAPX 88/10 



^iyRMMSV 



WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM 
MODE SYSTEM CLK 

(USING 8288) 



§i, Ti, So (EXCEPT HALT) 

WRITE CYCLE 

AO7-AD0 

DEN 



8288 OUTPUTS 
SEE NOTES 5,6 



AMWC OR AIOWC 



MWTC OR IOWC 



Ai5-A 8 
(SEE NOTES 3,4) 



MCE/ 
P"D~EN 



8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE 

HALT-(DEN==V O L;Rli.MT?K,1OT^,MWTC,AMWC,IOWC,Al6WC ) TNTA,0T/fi = VoH. 




AD 7 -ADo,A 15 -A 8 



ff 



INVALID ADDRESS 



\ 



f 



NOTES: 1. ALL SIGNALS SWITCH BETWEEN V 0H AND Vol UNLESS OTHERWISE 

SPECIFIED. 
2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T w TO DETERMINE IF T w 

MACHINES STATES ARE TO BE INSERTED. 
3.. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 

4. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

6. THE ISSUANC E OF T HE 82 88 COMMAND AND CONTROL SIGNALS 
(MTO5C, WWTC, ATflWC, R5RC, IOWC, AIOWC, INTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T 4 . 
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ASYNCHRONOUS 
SIGNAL RECOGNITION 



■^ 




TINVCH (see note 1) 



X 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

Any CLK Cycle — ►] U- 



-Any CLK Cycle — 



\ 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 




CLK Cycle — 



J 



L. TGVCH 

I— TCHGX — 

PULSE 



COPROCESSOR 



SOR / 



A_^0 






A16-A, ' 
AD7-AD0 

HD, COCK ' 



^ 



1: 



PULSE 3 . 

.COPROCESSOR/ 

RELEASE / 



x: 



COPROCESSOR 



V 



)h(H 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

-> 1 CLK CYCLE— 



1 OR 2 CYCLES - 




r 



v 



COPROCESSOR 
II 



)K 
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iAPX 86/10, 88/10 
INSTRUCTION SET SUMMARY 



DATA TRANSFER 
MOV = Move 

Register/memory to/trom register [ 
Immediate to register 'memory [ 

Immediate to register [ 

Memory to accumulator [ 

Accumulator to memory [ 

Register/memory to segment register [ 
Segment register to register /memory [ 

PUSH Push: 

Register/memory 

Segment register 

POP = Pop: 

Register /memory 
Register 
Segment register 

XCHG -- Exchange: 
Register/memory with register 
Register with accumulator 



I543210 765432I0 7 6 5 4 3 2 l 765432I 



11111111 



| 1 1 1 w |mod reg 
| 1 1 reg | 



1 1 1 1 w I 



Variable port 
OUT = Output to 

Variable port 

XLAT=Translate byte to AL 
LEA=Load EA !o register 
LOS=load pointer to OS 
LES=Load pointer to ES 
LAHF=Load AH with flags 
SAHF -Store AH into (lags 
PUSHF-Push flags 
POPF=Pop flags 



ARITHMETIC 
AOD - Add: 

Reg /memory with register to either 
Immediate to register /memory 
Immediate to accumulator 

AOC Add with carry. 

Reg /memory with register to either 
Immediate to register/memory 



1 1 1 1 1 w 


port 


1 1 1 1 1 1 w 




110 10 111 




10 110 1 


mod reg r/m 


110 10 1 


mod reg r/m 


110 10 


mod reg r/m 


10 11111 




10 11110 




10 1110 




10 1110 1 





|0 Od w | mod -eg r/m 




| 1 s w |mod0 r/m 


data | data .ts* 


|0 1 w | data 


data it w 1 | 



INC = Incrimtnt: 
Register /memory 



AA/UASCII adjust for add 
0**=Oecimal adiust tor add 



'Jin 



Reg /memory and register to either [o 1 1 d w | mod reg 



Immediate from register/memory p 



|0 1 1 1 w | 



MB = SuMrict with borrow 

Reg /memory and register to either 
Immediate from register /memory 



7F] 



a it sw 01 I 



1 1 d w 


mod reg r/m 




1 s w 


mod 11 r/m 


data | data it sw 01 | 


00 1 1 1 w 


data | data it w 1 j 



DEC Decrement: 

Register/memory 

Register 

NEG Change sign 

CMP Compare: 

Register / memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS ASCII adiust for subtract 
DAS Decimal adiust lor subtract 
MUL Multiply (unsigned) 
IMUL Integer multiply (signed) 
AAM ASCII adiust tor multiply 
DIV Divide (unsigned) 
I0IV integer divide (signed) 
M0 ASCII adiust for divide 
CBW Convert byte to word 
CW0 Convert word to double word 



76543210 76543210 76543210 76543210 



|11,,,,,W 


mod 1 r/m | 


fo 1 1 reg 




| 1 1 1 1 1 1 w 


modO 1 1 


,/m | 



1 1 1 0d w 


mod reg r/m 




1 s w 


modi 1 1 r/m ^ 


data | dataifswOt) 


1 1 1 1 w 


data 


dataitw, | 


111111 




O0 1 1 1 1 1 






,,,,0,1. 


modi r/m 




,11101, w 


mod 10 1 i/m 




,10,0,00 


10 10 




,,,,011w 


modi 1 i/m 




,,,1011w 


modi 1 1 i/m 




110,010, 


10 10 




10 1 10 






10 0, ,00, 





SHL'SAL Shit 


logical/ 


SHfl Shit, log 


cai nght 


SAR 


Shift ant 




R0L 


Rotate le 




R0R 


Rotate n 


gnt 


RCL 


Rotate th 


rough ca 


RCR 


Rotate th 


rough ca 


AND 


And: 




Reg 


/memory 


and regi 



1 1 , , , 1 w 


mod 1 r/m 


1 1 1 v w 


mod 1 r/m 


1 1 1 v w 


modi 1 i/m 


1 1 1 v wj 


modi 1 1 i/m 


1 1 1 v w 


modO r/m 


1 1 1 v w 


modO , r/m 


1 1 , v w 


modO 1 r/m 


, , 1 v w 


modO ! 1 r/m 



TEST And (unction to flags, no result: 

Register/memory an 
Immediate data and 
liate data and 



OR Or: 

Reg /memory and register to eitfi 
Immediate to register/memory 
Immediate to accumulator 

XOR Exclusive or: 

Reg /memory and register to eith 
Immediate to register/memory 



1 d w |mod reg r/m 






1 w jrnodl r/m 


data 


data if w 1 | 


1 , w | data 


data it w 1 




t: 






, , w J mod reg r/m 




1 1 1 , , 1 w (modO r/m 


data | data it w 1 | 


1 1 1 w | data 


data it w 1 








1 d w 


mod reg r/m 




1 w 


modO 1 r/m 


data 


data if w 1 | 


, , w 


data 


data it w 1 










1 1 d w 


mod reg r/m | 


', w 


modi 1 r/m | data 


data if wl | 


1 1 1 w 


data | data if w 1 





STRING MANIPULATION 

REP=Repeat 
MOVS=Move byte/word 
CMPS=Compare byte/word 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 
STOS=Stor byte/wd from AL/A 



1 1 


10012 ] 


1 


1 wj 


1 


1 1 w | 


1 


0111. | 


1 


1 1 w | 


1 


1 1 w | 
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INSTRUCTION SET SUMMARY (Continued) 



CONTROL TRANSFER 
CALL = Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg adding immed to S 

Intersegment 



7 6 5 4 3 2 I 7 6 5 4 3 2 10 76543210 



| 1 1 1 1 


disp-low 


disp-high | 


l,,,,,,,1 


mod 10 r/m 




| 1 1 1 1 


offset-low 


offset-high | 




seg-low 


seg-high | 


11,11,111 


mod Oil r/m 





[1110 10 1 


disp-low 


disp-high 


| 1 1 1 1 1 1 


disp 




|11111111 


mod 10 r/m 




1 1 1 1 1 1 


offset-low 


offset-high 




seg-low 


seg-high 


1 1 1 1 1 1 1 1 1 


mod 1 1 r/m 





LLU 



Intersegment, adding immediate to SP 1 1 1 1 



JE/JZ=Jump on equal /zero 
JL/JN6E=Jump on less/not greater 

or equal 
JLE/JK8=Jump on less or equal /not 

greater 
JB/JMA£=Jump on below/not above 

or equal 
JIE/JMA=Jump on below or equal/ 

not above 
JP/JPE=Jump on parity/parity even 

<IO=Jump on overflow 

J8=Jump on sign 

JME/JJZ=Jump on not equal /not zero 
JNL/J8E=Jump on not less/greater 

or equal 
JNLE/Jfi=Jump on not less or equal/ 

greater 



JNB/JAE Jump on not below /above 

or equal 
JNBE/JA Jump on not below or 

equal /above 
JNP/JPOJump on not par/par odd 

JNO-Jump on not overflow 

JNS Jump on not sign 

LOOP Loop CX times 

L00PZ/L00PE Loop while zero/equal 

LOOPNZ/LOOPNE Loop while not 

zero/equa 1 
JCXZ Jump on CX zero 

INT Interrupt 

Type specified 

Type 3 

INTO Interrupt on overflow 

IRET Interrupt return 



PROCESSOR CONTROL 

CLC Clear carry 

CMC Complement carry 

STC Set carry 

CLO Clear direction 

STD Set direction 

CLI Clear interrupt 

STI Set interrupt 

HLT Halt 

WAIT Wait 

ESC Escape (to external device) 

LOCK Bus lock prefix 



76543210 76543210 



1110 11 


disp I 


1110 111 


disp ). 


11110 11 


disp I 


1110001 


disp J 


11110 1 


disp | 


11100010 


disp | 


1110 1 


disp | 


1 1 10 


disp J 


1110 11 


disp ) 



1 1 1 1 iT 
h 1 1 1 T 



1 1 1 1 1 1 
'11001111 



[11111000 




[11110101 


[11111001 


1 1 1 1 1 1 1 




1 1 1 1 1 1 1 1 




[j_1 1 1 1 1 




|_l_1 1 1 1 1 1 




1 1 1 1 10 10 




[10011011 




[110 11 XXX 


mod x x x r/m | 


(11110 





AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte instruction 



if s:w = 01 then 16 bits of immediate data form the operand 
if s:w= 11 then an immediate data byte is sign extended to 

form the 16-bit operand, 
if v = then "count" = 1; if v = 1 then "count" in (CL) 
x = don't care 

z is used for string primitives for comparison with Z,F FLAG. 
SEGMENT OVERRIDE PREFIX 

jOO 1 reg 1 1 1 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA - (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) ♦ (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) ♦ DISP 

if r/m = 011 then EA = (BP) ♦ (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) ♦ DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 

'except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 



REG is assigned according to the following table: 
16-Bit [w - 1) 8-Bit |w * 0) 



000 


AX 


001 


CX 


010 


DX 


011 


BX 


100 


SP 


101 


BP 


110 


SI 


111 


Dl 



000 


AL 


001 


CL 


010 


DL 


011 


BL 


100 


AH 


101 


CH 


110 


DH 


111 


BH 



Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file: 

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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8089 
8 & 16-BIT HMOS I/O PROCESSOR 



High Speed DMA Capabilities Including 
I/O to Memory, Memory to I/O, Memory 
to Memory, and I/O to I/O 

iAPX 86, 88 Compatible: Removes I/O 
Overhead from CPU in iAPX 86/11 or 
88/11 Configuration 

Allows Mixed Interface of 8- & 16-Bit 
Peripherals, to 8- & 16-Bit Processor 
Busses 



1 Mbyte Addressability 

Memory Based Communication with 
CPU 

Supports LOCAL or REMOTE I/O 
Processing 

Flexible, Intelligent DMA Functions 
Including Translation, Search, Word 
Assembly/Disassembly 

MULTIBUS™ Compatible System 
Interface 



The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel's 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/1 6-bit Intel microprocessor, interfacing 
easily to the Intel multiprocessor system bus standard MULTIBUS™. 

The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a CPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1 .25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the 
lOPand CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 
systems. 



I/O CHANNEL 1 



DMA — 
TERMINATE1 



CHANNEL 
CONTROL 



REGISTER 
FILE 



I/O CHANNEL 2 



DMA REQ2 - 

DMA 
TERMINATE2 



CHANNEL 
CONTROL 



REGISTER 
FILE 





MAIN 
CONTROL 












ALU 





3L 



I 



ASSEMBLY/ 
DISASSEMBLY 



INSTRUCTION 
FETCH UNIT 



F> 



BUS 

CONTROL 

AND 

ARBITRATION 






ADDRESS/ 
DATA 



Figure 1. 8089 I/O Processor Block Diagram 



VssC 1 

A14/D14C 2 

A13/D13C 3 

A12/D12C * 

A11/D11C 5 

A10/D10C 6 

A9/09C 7 

A8/D8E 8 

A7/D7 C » 

A6/06C 

A5/D5C 

A4/D4C 

A3/D3E 

A2/D2C 

A1/D1 C 

A0/P0 C 

SINTR-1 C 

SINTR-2 C 

CLKC 

VssC 



10 



40 D V CC 
39 3 A15/D15 
38 3 A16/S3 
37 3 A17/S4 
36 3 A18/S5 
35 Z\ A19/S6 
34 3 BHE 
33 3 EXT 1 
32 3 EXT 2 
31 3 DRQ1 
30 3 DRQ2 
29 3 LOCK 
28 3 S2 
27 Hsi 

26 3 §6 
25 3 RQ/GT 
24 3 SEL 
23 3 CA 
22 3 READY 
21 3 RESET 



Figure 2. 
8089 Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


A0-A15/ 
D0-D15 


I/O 


Multiplexed Address and Data Bus: The 

function of these lines are defined by the 
state of SO, S1 and §2 lines. The pins are 
floated after reset and when the bus is not 
acquired. A8-A1 5 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 16-bit physical bus. 


A16-A19/ 
S3-S6 





Address and Status: Multiplexed most 
significant address lines and status in- 
formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 
S6 S5 S4 S3 

110 DMA cycle on CH1 

110 1 DMA cycle on CH2 

1110 Non-DMA cycle on CH1 

1111 Non-DMA cycle on CH2 


BHE 





Bus High Enable: The Bus High Enable is 
used to enabie data operations on the most 
significant half of the data bus (D8-D1 5). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not have to be 
latched. 


S0.S1.S2 





Status: These are the status pins that define 
the IOP activity during any given cycle. They 
are encoded as shown below: 
S2 S1 SO 

Instruction fetch; I/O space 

1 Data fetch; I/O space 

1 Data store; I/O space 

1 1 Not used 

1 Instruction fetch; System Memory 
10 1 Data fetch; System Memory 
110 Data store; System Mem roy 

1 1 1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or T w indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 


READY 


1 


Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 



Symbol 


Type 


Name and Function 


LOCK 





Lock: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSL 
instruction. The pin floats after reset and 
when the bus is not acquired. This output is 
active low. 


RESET 


I 


Reset: The receipt of a reset signal causes 
the IOP to suspend all its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles. 


CLK 


I 


Clock: Clock provides all timing needed for 
internal IOP operation. 


CA 


I 


Channel Attention: Gets the attention of the 
IOP. Upon the falling edge of this signal, the 
SEL input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
input is active high. 


SEL 


I 


Select: The first CA received after system 
reset informs the IOP via the SEL line, whe- 
ther it is a Master or Slave (0/1 for Mas- 
ter/Slave respectively) and starts the in- 
itialization sequence. During any other CA 
the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 


DRQ1-2 


I 


Data Request: DMA request inputs which 
signal the IOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 


RQ/GT 


I/O 


Request Grant: Request Grant implements 
the communication dialogue required to ar- 
bitrate the use of the system bus (between 
IOP and CPU, LOCAL mode) or I/O bus when 
two lOPs share the same bus (REMOTE 
mode). The RQ/GT signal js active low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 


SINTR1-2 





Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events. 


EXT1-2 


I 


External Terminate: External terminate 
inputs for channels 1 and 2 respectively. The 
EXTsignals will cause the termination of the 
current DMA transfer operation if the chan- 
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 


v C c 




Voltage: +5 volt power input. 


v ss 




Ground. 
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FUNCTIONAL DESCRIPTION 

The 8089 IOP has been designed to remove I/O proces- 
sing, control and high speed transfers from the central 
processing unit. Its major capabilities include that of in- 
itializing and maintaining peripheral components and 
supporting versatile DMA. This DMA function boasts 
flexible termination conditions (such as external termi- 
nate, mask compare, single transfer and byte count ex- 
pired). The DMA function of the 8089 IOP uses a two cy- 
cle approach where the information actually flows 
through the 8089 IOP. This approach to DMA vastly sim- 
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera- 
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
where the 8089 automatically vectors through a lookup 
table and mask compare, both on the "fly". 

The 8089 is functionally compatible with Intel's iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 
the REMOTE mode it can be used to complement other 
Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 

The only direct communication between the IOP and 
CPU is handled by the Channel Attention and Interrupt 
lines. Status information, parameters and task pro- 
grams are passed via blocks of shared memory, simpli- 
fying hardware interface and encouraging structured 
programming. 

The 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 



control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general I/O are just a few of 
the typical applications for the 8089. 

Remote and Local Modes 

Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX 86 (or iAPX 88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the RQ/GT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 8085A, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
physical line. When the iAPX 86 relinquishes the system 
bus, the 8089 uses the same bus control, latches and 
transceiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuration at the expense of 
reduced CPU thruput due to IOP bus utilization. 

A typical REMOTE configuration is shown in Figure 4. In 
this mode, the lOP's bus is physically separated from 
the system bus by means of system buffers/latches. The 
IOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con- 
tains the following components: 

• Up to three 8282 buffer/latches to latch the address to 
the system bus. 

• Up to two 8286 devices bidirectionally buffer the 
system data bus. 



T 

QND 



rlDh 



> 8284 

i— CLOCK — ■ 

I GENERATOR "~ ""' 



MN/MX 
SO 
Si 



8088, 
8086 
CPU 

CLK B 

READY 
[* RESET 

R5/QT 



RQ/QT 
"-H RESET 
READY 
CLK 



EXT 1,2 Q O 



<3 



DEN TROLLER IOWC 
DT/R AIOWC 



r-T---------; 



4>~ 



II Is SB 

lo b 

2142 RAM (4) 
(2) (2) 

1Kx8 1Kx8 



2Kx8 2Kx8 



IS IS II 



DMQ DMAC 



isii b 



DMQ DMAC 



NOTE: ONLY ONE LATCH IS NEEDED IF CONFIGURED WITH 8088 AND ONLY 64K 
ADDRESSING IS USED. ONLY ONE TRANSCEIVER IS NEEDED IF USING A 
PHYSICAL 8-BIT DATA BUS (8088). 



Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 
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• An 8288 bus controller supplies the control signals 
necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 

• An 8289 bus arbiter performs all the functions 
necessary to arbitrate the use of the system bus. This 
is used in place of the RQ/GT logic in the LOCAL 
mode. This arbiter decodes type of cycle information 
from the 8089 status lines to determine if the IOP 
desires to perform a transfer over the "common" or 
system bus. 

The peripheral devices PER1 and PER2 are supported on 
their own data and address bus. the 8089 communicates 
with the peripherals without affecting system bus opera- 
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. I/O programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 

COMMUNICATION MECHANISM 

Fundamentally, communication between the CPU and 
IOP is performed through messages prepared in shared 
memory. The CPU can cause the 8089 to execute a pro- 
gram by placing it in the 8089's memory space and/or 
directing the 8089's attention to it by asserting a hard- 
ware Channel Attention (CA) signal to the IOP, ac- 
tivating the proper I/O channel. The SEL Pin indicates to 



the IOP which channel is being addressed. Communica- 
tion from the IOP to the processor can be performed in a 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition- 
ally, the 8089 can store messages in memory regarding 
its status and the status of any peripherals. This com- 
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi- 
bility of memory use with the added capability of handl- 
ing multiple lOP's. 

Illustrated in Figure 5 is an overview of the communica- 
tion data structure hierarchy that exists for the 8089 I/O 
processor. Upon the first CA from RESET, if the IOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 8- 
bit) and pointers to the system configuration block are 
obtained. This is the only fixed location the 8089 accesses. 
The remaining addresses are obtained via the data struc- 
ture hierarchy. The 8089 determines addresses in the 
same manner as does the iAPX 86; i.e., a 16-bit relocation 
pointer is offset left 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad- 
dresses are formed, they are stored as such, as all the 8089 
address registers are 20 bits long. After the system con- 
figuration pointer address is formed, the 8089 IOP ac- 
cesses the system configuration block. 
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Figure 5. Communication Data Structure Hierarchy 

The System Configuration Block (SCB), used only dur- 
ing startup, points to the Control Block (CB) and provides 
IOP system configuration data via the SOC byte. The 
SOC byte initializes IOP I/O bu s width to 8/16, and 
defines one of two IOP RQ/GT operating modes. For 
RQ/GT mode 0, the IOP is typically initialized as SLAVE 
and has its RQ/C5T line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the IOP as need- 
ed, and has the bus restored to it upon IOP task c omple- 
tion (IOP request— CPU grant— IOP done). For RQ/GT 
mode 1, useful only in remote mode between two lOPs, 
MASTER/SLAVE designation is used only to initialize 
bus control: from then on, each IOP requests and grants 
as the bus is needed (IOP1 request— IOP2 grant— IOP2 
request— IOP1 grant). Thus, each IOP retains bus con- 
trol until the other requests it. The completion of in- 
itialization is signalled by the IOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pointers in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex- 
ibility of being able to initialize multiple lOPs. 

The Control Block furnishes bus control Initialization for 
the IOP operation (CCW or Channel Control Word) and 
provides pointers to the Parameter Block or "data" 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon all CA's other than the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 

The Parameter Block contains the address of the Task 
Block and acts as a messge center between the IOP and 
CPU. Parameters or variable information is passed from 
the CPU to its IOP in this block to customize the soft- 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
IOP and CPU. 

The Task Block contains the instructions for the respec- 
tive channel. This block can reside on the local bus of 



the IOP, allowing the IOP to operate concurrently with 
the CPU, or reside in system memory. 
The advantage of this type of communication between 
the processor, IOP and peripheral, is that it allows for a 
very clean method for the operating system to handle 
I/O routines. Canned programs or "Task Blocks" allow 
for execution of general purpose I/O routines with the 
status and peripheral command information being 
passed via the Parameter Block ("data" memory). Task 
Blocks (or "program" memory) can be terminated or 
restarted by the CPU, if need be. Clearly, the flexibility 
of this communication lends itself to modularity and ap- 
plicability to a large number of peripheral devices and 
upward compatibility to future end user systems and 
microprocessor families. 

Register Set 

The 8089 maintains separate registers for its two I/O 
channels as well as some common registers (see Figure 
6). There are sufficient registers for each channel to sus- 
tain its own DMA transfers, and process its own instruc- 
tion stream. The basic DMA pointer registers (GA, GB — 
20 bits each), can point to either the system bus or local 
bus, DMA source or destination, and can be autoincre- 
mented. A third register set (GC) can be used to allow 
translation during the DMA process through a lookup 
table it points to. Additionally, registers are provided for a 
masked compare during the data transfer and can be set 
up to act as one of the termination conditions. Other 
registers are also provided. Many of these registers can be 
used as general purpose registers during program execu- 
tion, when the IOP is not performing DMA cycles. 
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Figure 6. Register Model 



Bus Operation 

The 8089 utilizes the same bus structure as the 
iAPX 86, 88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi- 
plexed with four status lines S3-S6. For 8089 cycles, S4 
and S3 determine what type of cycle (DMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 
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are a unique code assigned to the 8089 IOP, enabling 
the user to detect which processor is performing a bus 
cycle in a multiprocessing environment, 

The first three status lines, S0-S2, are used with an 8288 
bus controller to determine if ah instruction fetch or 
data transfer is being performed in I/O or system 
memory space. 

DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad- 
ditional clock cycles are added if wait states are re- 
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in memory is performed by first doing two 
reads, with word assembly within the IOP assembly 
register file and then one write. 

As can be expected, the data bandwidth of the IOP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus 
utilization of the 8089. The system bus is assumed to be 



16-bits wide with either an 8-bit peripheral (under byte 
column) or 16-bit peripheral (word column) being shown. 

The latency refers to the worst case response time by 
the IOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re- 
quired to map 8-bit data into a 16-bit location, versus two 
for a 16-bit to 16-bit transfer. Note that it is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max- 
imum of 50%. 



Table 2. Achievable 5 MHz 8089 Operations 





Local 


Remote 


Byte 


Word 


Byte 


Word 


Bandwidth 


830 KB/S 


1250 KB/S 


830 KB/S 


1250 KB/S 


Latency 


1.0/2.4 jusec* 


1.0/2.4 usee* 


1.0/2.4 psec* 


1.0/2.4 /isec* 


System Bus 
Utilization 


2.4 psec 

PER 

TRANSFER 


1.6mS6C 

PER 
TRANSFER 


0.8 ^sec 

PER 

TRANSFER 


0.8 Msec 

PER 

TRANSFER 



*2.4 psec. if interleaving with other channel and no wait states. Vsec if 
channel is waiting for request. 



-(4+Nwait)-Tcy- 



I T, | Tj | T 3 | TwAIT . | T 4 | T, | Ta -| T 3 | T W AIT | T« | ' 

■j\s\j\r\j\j\ju\s\j\j\jY 



ALE j 


V 






GOES INACTIVE IN THE STATE 
» JUST PRIOR TO T« / V 






S2-S0 \ 


////////// 




\ 


■ ////////// ■ \ 


ADDR/STATUS j 


( A„-A 16 V S 7 


S3 

/ 0,5-Do \ 
t VALID r 




X~X - >L_ 


ADDR/DATA \ 

(16-BIT ) 

PHYSICAL BUS) / 


'a. A \___/ BUS RESERVED \ 


-/ A 15 -A Y DATA OUT (D,s-D ) /~~\ \ 


RD.INTA 


h 


^ 








READY 




READY 


RDY 


11. r 

WAIT 




1 


\\1\.. / ■ 


DT/R \ 


v_ 












DEN 


\ 


1 




\ / 




MEMORY ACCESS TIME ^-« 






WR 








\ / 



Figure 7. 8089 Bus Operation 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 2.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = 5V 


±10%) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc +1-0 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l= 2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


l H = -400 mA 


'cc 


Power Supply Current 




350 


mA 


T A =25°C 


«LI 


Input Leakage Current (1) 




±10 


MA 


0V < VIN < V cc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V *s Vqut *s V cc 


V C L 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V CC +1-0 


V 




C IN 


Capacitance of Input Buffer 
(All input except 
AD -AD 15 , RQ/GT) 




15 


PF 


fc = 1 MHz 


C|0 


Capacitance of I/O Buffer 
(AD -AD 15 , RQ/GT) 




15 


PF 


fc = 1 MHz 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 

8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/ 3 TCLCL)-15 




ns 


TCHCL 


CLK High Time 


(V3 TCLCL) +2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 


TRYHCH 


READY Setup Time into 8089 


(2/ 3 TCLCL)-15 




ns 


TCHRYX 


READY Hold Time into 8089 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 


TINVCH 


Setup Time Recognition (DRQ 1,2 RESET, Ext 1,2) (See Note 2) 


30 




ns 


TGVCH 


RQ/GT Setup Time 


30 




ns 


TCAHCAL 


CA Width 


95 




ns 


TSLVCAL 


SEL Setup Time 


75 




ns 


TCALSLX 


SEL Hold Time 







ns 


TCHGX 


GT Hold Time into 8089 


40 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 


C L = 80pF 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 


CL=150pF 


TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


ns 


TCLAV 


Address Valid Delay 


10 


110 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


, ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 


TGHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 


TCLGL 


RQ Active Delay 





85 


ns 


CL = 100pF 


TCLGH 


RQ Inactive Delay 




85 


ns 


Note 5: Cl = 30 pF 


TCLSRV 


SINTR Valid Delay 




150 


ns 


C L =100pF 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Aplies only to T3 and TW states. 



4. Applies only to T2 state. 

5. Applies only if RQ/GT Mode 1 CL=30pf, 2.7 Kn pull up to Vcc. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




A.C. TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC " 1 " AND 0.45V FOR 
A LOGIC 0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



I 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



8089 BUS TIMING USING 8288 



( A 8 -A 15 ON TRANSFERS 

SEE NOTE 7 TO AN 8BIT PHYSICAL BUS 

y ANDBHE 



Sl.S^.S^ (EXCEPT HALT) 



ALE (8288 OUTPUT) 



RDY (8284 INPUT) 



READY (8089 INPUT) 



READ - (MWTC,AMWC,IOWC,AIOWC = V OH ) 

SEE NOTE 7 [ 
AND ABOVE AD«-ADo 
(BH1) l 



8288 OUTPUTS 
SEE NOTES 4, 5 



mrdcorFQrc 



WRITE - (RD,MRDC,IORC,DT/R = V 0H ) 

SEE NOTE 7 , 
AND ABOVE AD15AD0 
(IHE) l 



8288 OUTPUTS 
SEE NOTES 4,5 



AMWC OR AIOWC 



MWTC OR IOWC 



1. ALL SIGNALS SWITCH BETWEEN V 0H AND V 0L UNLESS OTHERWISE SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 ,T 3 ,T W TO DETERMINE IF T w MACHINE STATES ARE TO BE __ __ 

3. FOLLOWING A WRITE CYCLE DATA REMAINS VALID ON THE 8089 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN ANOTHER 
CYCLE. THE LOCAL BUS IS FLOATED BY THE 8089 WHEN THE 8089 ENTERS A REQUEST BUS ACKNOWLEDGE STATE 

4. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

5. THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA 
ACTIVE HIGH 8288 CEN. 

8 ALLJIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

7. A,-A 16 ARE STABLE ON TRANSFERS TO AN 8 BIT PHYSICAL DATA BUS le A B -A, 5 

DON'T FLOAT ON A READ FROM AN 8 BIT PHYSICAL BUS OR MULTIPLEX WITH 

DATA ON A WRITE TO AN 8-BIT PHYSICAL BUS TJHE IS STABLE (NON 

MULTIPLEXED) FOR ALL TRANSFERS 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



DRQ 1,2 
RESET 



1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE 
RECOGNITION AT NEXT CLK. 

2. ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE. THE CA INPUT IS 



♦-TINVCH (SEE NOTE 1) 



I 



NEGATIVE EDGE TRIGGERED. 
. DRQ BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK 
WILL GUARANTEE NON-RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE. 



BUS LOCK S1GNALTIMING AND SINTR 



AV I-— 

X 



f 



J X 



X 



REQUEST/GRANT SEQUENCE 



5\^ 

8089 AS SLAVE (MODE 0) 



H 



\ 



r 



MASTER _J__ 8089 FLOAT 8089 FLOATS A/D BUS— . 



r 



8089 REQUESTS BUS 



'J 



MASTER 

FLOATS 

STATUS BUS] 



\ 



- MASTER FLOATS A/D BUS 



n 



-8089 WAITS FOR BUS 



8089 AS MASTER (MODE 1) 
TCHGX — »• 



-+ 8089 FLOATS STATUS BUS 

1 __! 

■*— TCLGL — M -*- 



S-jL 



8089 AS MASTER (MODE 0) 
TCHGX—* 



1 

-«— TCLGL I 



8089 FLOATS A/D BUS 
TCLGH 



8089 GT OUTPUT 
(OLD MASTER BECOMES NEW SLAVE) 






-J He, 



- 8089 USES BUS *- — 8089 RELEASES BUS 



IHGX— -*- 

1 
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EXTERNALTERMINATE SETUP 

•t- 



X 



SEL SETUP AND TIMING 



A. 



- TCALSLX — 
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8089 INSTRUCTION SET SUMMARY 



Data Transfers 



POINTER INSTRUCTIONS 



OPCODE 



LPD P,M Load Pointer PPP from Addressed Location 

LPDI P,I Load Pointer PPP Immediate 4 Bytes 

MOVP M,P Store Contents of Pointer PPP in Addressed Location 

MOVP P,M Restore Pointer 



7 


7 


P P P A A 1 


10 1 MM 


P P P 1 1 


10 


P P P A A 1 


10 1 1 MM 


P P P A A 1 


10 1 1 MM 



MOVE DATA 



OPCODE 



Source- 
Destination— 
Load Register RRR from Addressed Location 
Store Contents of Register RRR in Addressed Location 
Load Register RRR Immediate (Byte) Sign Extend 
Move Immediate to Addressed Location 



MOV M,M Move from Source to Destination 

MOV R,M 
MOV M,R 
MOVI R 
MOVI M 



A AW 


10 1 M M 


A AW 


1 10 1 1 M M 


RRR0 A A W 


10 M M 


R R R A AW 


10 1 M M 


RRR wb W 


11 


wb A AW 


10 1 1 M M 



Control Transfer 



CALLS 


OPCODE 


*CALL 


Call Unconditional 


7 
1 1 


dd 


07 

A AW|1 




1 1 1 M M | 


JUMP 


OPCODE 


JMP 
JZ M 
JZ R 
JNZ M 
JNZ R 
JBT 
JNBT 
JMCE 
JMCNE 


Unconditional 

Jump on Zero Memory 

Jump on Zero Register 

Jump on Non-Zero Memory 

Jump on Non-Zero Register 

Test Bit and Jump if True 

Test Bit and Jump if Not True 

Mask/Compare and Jump on Equal 

Mask/Compare and Jump on Non-Equal 












1 


dd 


W 


1 










dd 


A AW 


1 1 1 


1 M M 


RRR 


dd 





1 


10 





dd 


A AW 


1 1 1 


M M 


RRR 


dd, 





1 





B B B 


dd 


A A 


1 1 


1 1 1 M M 


B B B 


dd 


A A 


1 1 


1 1 M M 





dd 


A A0 


1 1 


1 MM 





dd 


A A0 


1 1 


1 1 M M 













Arithmetic and Logic Instructions 








INCREMENT, DECREMENT 


OPCODE 


*ADDI M,I ADD Immediate to Memory 
*ADDI R,I ADD Immediate to Register 
fADD M,R ADD Register to Memory 
fADD R,M ADD Memory to Register 




7 07 




0000 0AAW 


1110 1 M M 


RRR0 0000 


11 10 


A AW 


1110 1 1 M M 


RRR0 0000 


11 110 
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Arithmetic and Logic Instructions 



ADD 


OPCODE 


ADDI 
ADDI 
ADD 
ADD 


M,I 
R,I 
M,R 
R,M 


ADD Immediate to Memory 
ADD Immediate to Register 
ADD Register to Memory 
ADD Memory to Register 




7 7 







wb A AW 


110 


MM 


R R R wb W 


10 





RRR0 A AW 


110 1 


M M 


R R R A AW 


10 10 


M M 








AND 


OPCODE 


ANDI 
ANDI 
AND 
AND 


M,I 
R,I 
M,R 
R,M 


AND Memory with Immediate 
AND Register with Immediate 
AND Memory with Register 
AND Register with Memory 










wb A AW 


110 


1 MM 


R R R wb W 


10 


10 


R R R A AW 


110 1 


1 M M 


R R R A AW 


10 10 


1 M M 








OR 


OPCODE 


ORI 
ORI 
OR 
OR 


M,I 
R,I 
M,R 
R,M 


OR Memory with Immediate 
OR Register with Immediate 
OR Memory with Register 
OR Register with Memory 










wb A AW 


110 


1 M M 


R R R wb A AW 


10 


10 


R R R A AW 


110 1 


1 M M 


R R R A AW 


10 10 


1 M M 








NOT 


OPCODE 


NOT 
NOT 
NOT 


R 
M 
R,M 


Complement Register 
Complement Memory 
Complement Memory, Place in Register 










RRR0 0000 


10 


110 


A A W 


110 1 


1 1 MM 


R R R A AW 


10 10 


1 1 M M 









Bit Manipulation and Test Instructions 



BIT MANIPULATION 


OPCODE 


SET 
CLR 


Set the Selected Bit 
Clear the Selected Bit 




7 


07 







B B B 


A A 


1111 


1 M M 


B B B 


A A 


1111 


10MM 










TEST 


OPCODE 


TSL 


Test and Set Lock 










1 


1 A A | 1 1 


1 M M | 



Control 



Control 



OPCODE 



HLT Halt Channel Execution 

SINTR Set Interrupt Service Flip Flop 

NOP No Operation 

XFER Enter DMA Transfer 

WID Set Source, Destination Bus Width; S,D = 8, 1 = 16 



07 



10 


10 10 


10 


0000 0000 


0000 0000 


0000 0000 


110 


0000 0000 


1 S D 


0000 0000 
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*II field in call instruction can be 00, 01, 10 only. 
** OPCODE is second byte fetched. 

All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each instruction is given below: 



NOTES: 

BBB Bit Select Field 

The bit select field replaces the RRR field in bit manipu- 
lation instructions and is used to select a bit to be oper- 
ated on by those instructions. Bit is the least signifi- 
cant bit. 





7 


7 











R R R 


w b 


A A 


W 


OPCODE 


M M 






>PP BBB 











MM Base Pointer Select 



00 GA 

01 GB 

10 GC 

11 PP 



RRR Register Field 

The RRR field specifies a 16-bit register to be used in 
the instruction. If GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load- 
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pointers. 



RRR 


000 


rO 


GA 




001 


r1 


GB 




010 


r2 


GC 




011 


r3 


BC 


; byte count 


100 


r4 


TP 


; task block 


101 


r5 


IX 


; index register 


110 


r6 


CC 


; channel control (mode) 


111 


r7 


MC 


; mask/compare 



wb 

01 1 byte literal 

10 2 byte (word) literal 

dd 

01 1 byte displacement 

10 2 byte (word) displacement. 

AA Field 

00 The selected pointer contains the operand address. 

01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 

10 The operand address is formed by adding the con- 
tents of the Index register to the selected pointer. 
Both registers remain unchanged. 

11 Same as 10 except the Index register is post auto- 
incremented (by 1 for 8-bit transfer, by 2 for 16-bit 
transfer). 



W Width Field 

The selected operand is 1 byte long. 

1 The selected operand is 2 bytes long. 



Additional Bytes 

OFFSET : 8-bit unsigned offset. 
SDISP : 8/16-bit signed displacement. 
LITERAL : 8/16-bit literal. (32 bits for LDPI). 

The order in which the above optional bytes appear in IOP 
instructions is given below: 



PPP 


000 pO GA 

001 p1 GB 
010 p2 GC 
100 p4 TP 


task block pointer 



OFFSET 


i 

LITERAL 

I 


SDISP 

I 



Offsets are. treated as unsigned numbers. Literals and 
displacements are sign extended (2's complement). 



7-64 



irrteT 



iAPX 86/20 

iAPX 88/20 

NUMERIC DATA PROCESSOR 



ip^iumogmv 



High Performance 2 Chip Numeric 
Data Processor 

Standard iAPX 86/10, 88/10 Instruction 
Set Plus Arithmetic, Trigonometric 
Exponential, and Logarithmic 
Instructions For All Data Types 

All 24 iAPX 86/10, 88/10 Addressing 
Modes Available 

Conforms To Proposed IEEE Floating 
Point Standard 



Support 8 Data Types: 8-, 16-, 32-, 64- 
Bit Integers, 32-, 64-, 80-Bit Floating 
Point, and 18- Dig it BCD Operands 

8x80-Bit Individually Addressable 
Register Stack plus 14 General 
Purpose Registers 

7 Built-in Exception Handling 
Functions 

MULTIBUS System Compatible 
Interface 



The Intel iAPX 86/20 and iAPX 88/20 are two-chip numeric data processors (NDP's). They provide the instruc- 
tions and data types needed for high-performance numeric applications. The NDP provides 100 times the 
performance of an iAPX 86/10, 88/10 CPU alone for numeric processing. The iAPX 86/20 consists of an iAPX 
86/10 (16-bit 8086 CPU) and a numeric processor extension (NPX), the 8087. The iAPX 86/20 consists of the 
NPX in conjunction with the iAPX 88/10 (8-bit 8088 CPU). The NDP conforms to the proposed IEEE Floating 
Point Standard. 

Both components of the iAPX 86/20 and iAPX 88/20 are implemented in N-channel, depletion load, silicon gate 
technology (HMOS), housed in two 40-pin packages. The iAPX 86/20, 88/20 adds 68 numeric processing 
instructions to the iAPX 86/10, 88/10 instruction set and eight 80-bit registers to the register set. 



ffl 



8284A 
CLOCK \- 
DRIVER 













CLOCK 
REQUEST/ 


8088 
8086 


TEST 


QUEUE 
STATUS 










ft 

["local 

ir 


REQUEST/ 
GRANT 

CLOCK 


QUEUE 
STATUS 


BUSY 


8087 













INTERFACE 



EH 



1Z. 



K. 



J 



gnd[^ 

AD14 [2 
AD13 [2 
AD12 \2 
AD11 \2 
AD10 \2 
AD9 \2 
AD8 H 
AD7 \2 
AD6 \Z 
AD5 Z 
AD4 {2 
AD3 \2 
AD2 2 
AD1 \2 
AD0Q 
NC \2 
NCQ 
CLK[^ 

gndZ 



« 3 V CC 
39 3]A15/D15 
38 22 A16/S3 
37 2] A17/S4 
36 "1 A18/S5 
35 2\ A19/S6 
34 BHE/S7 
33 J RQ/GT1 
32 J INT 
31 2\ RQ/GT0 
30 ^NC 
29 2\ NC 
28 2\ S2 . 
27 JS1 
26 [J SO 
25 2] QS0 
24 2] QS1 
23 2] BUSY 
22 2\ READY 
21 2\ RESET 



GND Z 
AD14 C 
AD13 LZ 
AD12 |Z 
ADIlLZ 
AD10 E 
AD9 Z 
AD8 \2 
AD7 Z 
AD6 IZ 
AD5 E 
AD4 Z 
AD3 Z 
AD2 [Z 
AD1 \2 
ADO (Z 
NMI |Z 
INTR |Z 
CLK \2 
GND [Z 



MAX 
MODE 
8086 

ogVcc 

39 Zl A15 

38 ~ A16/S3 

37 2\ A17/S4 

36 2\ A18/S5 

35 2\ A19/S6 

34 2. BAE/S7 

33 Z MN/MX 

32 2} SB 

31 2\ RQ/QT0 

30 2 RQ/QT1 

29 Z LOCK 

28 Z 82 

27 2\ 81 

26 Z SO 

25 Z OS0 

24 Z 081 

23 Z]TEST 

22 Z R EADY 

21 2} RESET 



Figure 1. iAPX 86/20, 88/20 Block Diagram 



Figure 2. iAPX 86720, 88/20 Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


AD15-AD0 


I/O 


Address Data:These lines constitute the time multiplexed memory address (T-|) and data (T2, 
T 3> Tyv, T4) bus. A0 is analogous to BHE for the lower byte of the data bus, pins D7-D0. It is 
LOW during T"i when a byte is to be transferred on the lower portion of the bus in memory 
operations. Eight-bit oriented devices tied to the lower half of the bus would normally use A0 
to condition chip select functions. These lines are active HIGH. They are input/output lines for 
8087 driven bus cycles and are inputs which the 8087 monitors when the 8086/8088 is in 
control of the bus. 


A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 


I/O 


Address Memory: During T-j these are the four most significant address lines 
for memory operations. During memory operations, status information is available on 
these lines during T2, T3, Tyy, and T4. For 8087 controlled bus cycles, S6, S4, and S3 
are reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs which 
the 8087 monitors when the 8086/8088 is in control of the bus. 


§Hf/S7 


I/O 


Bus High Enable: During Tf the bus high enable signal (BHE) should be used to enable data 
onto the most significant half of the data bus, pins D1 5-D8. Eight-bit oriented devices tied to 
the upper half of the bus would normally use BHE to condition chip select functions. BHE is 
LOW during T-j for read and write cycles when a byte is to be transferred on the high portion of 
the bus. The S7 status information is available during T2, T3, Tyv, and T4. The signal is active 
LOW. S7 is an input which the 8087 monitors during 8086/8088 controlled bus cycles. 


S2,S1,S0 


I/O 


Status: For 8087 driven bus cycles, these status lines are encoded as follows: 

' S '81 5 
0(LOW) X X Unused 
1 (HIGH) Unused 
1 1 Read Memory 
1 1 Write Memory 
1 1 1 Passive 

Status is driven active during T4, remains valid during T1 and T2, and is returned to the 
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is used by the 
8288 Bus Controller to generate all memory access control signals. Any change in S2, S1, or 
SO during T4 is used to indicate the beginning of a bus cycle, and the return to the passive 
state in T3 or Tw is used to indicate the end of a bus cycle. These signals are monitored by the 
8087 when the 8086/8088 is in control of the bus. 


RQ/GTO 


I/O 


Request/Grant: This request/grant pin is used by the NDP to gain control of the local bus from 
the CPU for operand transfers or on behalf of another bus master. It must be connected to one 
of the two processor request/grant pins. The request grant sequence on this pin is as follows: 

1 . A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 
8087 or the master connected to the 8087 RQ/GT1 pin. 

2. The NDP waits for the grant pulse and when it is received will either initiate bus transfer 
activity in the clock cycle following the grant or pass the grant out on the RQ/GT1 pin in this 
clock if the initial request was for another bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of 
the last NDP bus cycle or on receipt of the release pulse from the bus master on RQ/GT1 . 
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Table 1. Pin Description (Continued) 



Symbol 


Type 


Name and Function 


RQ/GT1 


I/O 


Request/Grant: This request/grant pin is used by another local bus master to force the NDP 
to release the local bus at the end of the processor's current bus cycle. If the NDP is not in 
control of the bus when the request is made the request/grant sequence is passed through 
the NDP on the RQ/GTO pin one cycle later. Subsequent grant and release pulses are also 
passed through the NDP with a two and one clock delay, respectively, for ^synchronization. 
RQ/GT1 has an internal pullup resistor, and so may be left unconnected. If the NDP has 
control of the bus the request/grant sequence is as follows: 

1 . A pulse 1 CLK wide from another local bus master indicates a local bus request to the 8087 
(pulse 1). 

2. During the NDP's next T4 or T| a pulse 1 CLK wide from the 8087 to the requesting master 
(pulse 2) indicates that the 8087 has allowed the local bus to float and that it will enter the 
"RQ/GT acknowledge" state at the next CLK. The NDP's control unit is disconnected 
logically from the local bus during "RQ/GT acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the 
"RQ/GT" request is about to end and that the 8087 can reclaim the local bus at the next 
CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one 
dead CLK cycle after each bus exchange. Pulses are active LOW. 


QS1, 
QSO 


I 


QS1, QSO: QS1 and QSO provide the 8087 with status to allow tracking of the CPU 
instruction queue. 

QS1 QSO 
(LOW) No Operation 

1 First Byte of Op Code from Queue 

1 (HIGH) Empty the Queue 

1 1 Subsequent Byte from Queue 


INT 





Interrupt: This line is used to indicate that an unmasked exception has. occurred during 
numeric instruction execution when 8087 interrupts are enabled. This signal is typically 
routed to an 8259A. INT is active HIGH. 


BUSY 





Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is 
connected to the CPU's TEST pin to provide CPU-NDP synchronization. In the case of an 
unmasked exception BUSY remains active until the exception is cleared. BUSY is active HIGH. 


READY 


I 


Ready: READY is the acknowledgment from the addressed memory device that it will 
complete the data transfer. The RDY signal from memory is synchronized by the 8284A Clock 
Generator to form READY. This signal is active HIGH. 


RESET 


I 


Reset: RESETcauses the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. RESET is internally synchronized. 


CLK 


I 


Clock: The clock provides the basic timing for the processor and bus controller. It is asym- 
metric with a 33% duty cycle to provide optimized internal timing. 


Vcc 




Power: Vqq is the +5V power supply pin. 


GND 




Ground: GND are the ground pins. 
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APPLICATION AREAS 



FUNCTIONAL DESCRIPTION 



The iAPX 86/20 and iAPX 88/20 provide functions 
meant specifically for high performance numeric 
processing requirements. Trigonometric, logarith- 
mic, and exponential functions are built into the 
processor hardware. These functions are essential 
in scientific, engineering, navigational, or military 
applications. 

The NDPalso has capabilities meant for business or 
commercial computing. An iAPX 86/20, 88/20 can 
process Binary Coded Decimal (BCD) numbers up 
to 18 digits without roundoff errors. It can also per- 
form arithmetic on integers as large as 64 bits 
(±10 18 ). 

PROGRAMMING LANGUAGE SUPPORT 

Programs for the iAPX 86/20 and iAPX 88/20 can be 
written in ASM-86, the iAPX 86,88 assembly lan- 
guage, and in PL/ivi-86, FORTRAN-86, and PASCAL- 
86 Intel's high-level languages for iAPX 86, 88 
systems. 



The iAPX 86/20, 88/20 Numeric Data Processor's ar- 
chitecture is designed for high performance 
numeric computing in conjunction with general 
purpose processing. 

The 8087 is a numeric processor extension that 
provides arithmetic and logical instruction support 
for a variety of numeric data types in iAPX 86/20, 
88/20 systems. It also executes numerous built-in 
transcendental functions (e.g., tangent and log 
functions). The 8087 executes instructions as a 
coprocessor to a maximum mode 8086 or 8088. It 
effectively extends the register and instruction set of 
an iAPX 86/10 or 88/10 based system and adds 
several new data types as well. Figure 3 presents the 
registers of the iAPX 86/20. Table 2 shows the range 
of data types supported by the NDR The 8087 is 
treated as an extension to the iAPX 86/10 or 88/10, 
providing register, data types, control, and instruc- 
tion capabilities at the hardware level. At the pro- 
grammers level the iAPX 86/20, 88/20 is viewed as a 
single unified processor. 



Details 



iAPX 86/20, 88/20 System Configuration 



The remainder of the data sheet will concentrate on 
the numeric processor extension (refered to as NPX 
or 8087). For iAPX 86/10 or iAPX 88/10 CPU details 
refer to those respective data sheets. 



As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
The CPU's status (SO-S2) and queue status lines 
(QS0-QS1) enable the 8087 to monitor and decode 



iAPX 86/20, 88/20 





iAPX 86/10, 88/10 
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Figure 3. iAPX 86/20 Architecture 
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Table 2. IAPX 86/20 Data Types 



Data 
Formats 


Range 


Precision 


Most Significant Byte 


7 07 07 07 07 07 07 07 07 07 


Byte Integer 


10 2 


8 Bits 






t 


«7 »0 


Two's Complement 






Two's Complement 


Word Integer 


10 4 


16 Bits 


»15 l0 








Short Integer 


10 9 


32 Bits 


'31 >0 


Two's Complemen 










Long Integer 


10 18 


64 Bits 


>63 


lo 


Two's 
Complement 










Packed BCD 


10 18 


18 Digits 


S 


— D 17 D 16 




D 1 D 












Short Real 


10 ±38 


24 Bits 


S 


E 7 E Fi F 2 3 F Implicit 












Long Real 


10 ±308 


53 Bits 


S 


E10 E 


F-( F52 Fq Implicit 










Temporary Real 


10 ±4932 


64 Bits 


S 


E14 Eq 


Fo ^63 










Pa 


Integer: I 
eked BCD: ( 


-1) S (D 17 ...D C 


Real:(-1) S (2 E " B,AS )(F -F 1 ,..) 

) Bias= 1 27 for Short Real 
1023 for Long Real 
16383 for Temp Real 
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Figure 4. NDP System Configuration 
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instructions in synchronization with the CPU and 
without any CPU overhead. Once started the 8087 
can process in parallel with and independent of the 
host CPU. For ^synchronization, the NPX's BUSY 
signal informs the CPU that the NPX is executing an 
instruction and the CPU WAIT instruction tests this 
signal to insure that the NPX is ready to execute 
subsequent instructions. The NPX can interrupt the 
CPU when it detects an error or exception. The 
8087's interrupt request line is typically routed to 
the CPU through an 8259A Programmable Inter- 
rupt Controller. (See Figure 2 for 8087 pinout 
information.) 

The 8087 uses one of the reques t/grant li nes of the 
iAPX 86, 88 architecture (typically RQ/GT1) to obtain 
control of the local bus for data transfers. The other 
request/grant line is available for general system use 
(for instance by an I/O processor in LOCAL mode). A 
bus ma ster can also be connected to the 8087's 
RQ/GT1 line. In this configuration the 8087 will pass 
the request/grant handshake signals between the 
CPU and the attached master when the 8087 is not in 
control of the bus and will relinquish the bus to the 
master directly when the 8087 is in control. In this 
way two additional masters can be configured in an 
iAPX 86/20, 88/20 system; one will share the 8086 
bus with the 8087 on a first come first served basis, 
and the second will be guaranteed to be higher in 
priority than the 8087. 

As Figure 4 shows, all processors utilize the same 
clock generator and system bus interface compo- 
nents (bus controller, latches, transceivers and bus 
arbiter). 

Bus Operation 

The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86, 88 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 16/8 
lines of the address/data bus. A16 through A19 are 
time multiplexed with four status lines S3-S6. S3, S4 
and S6 are always one (high) for 8087 driven bus 
cycles while S5 is always zero (low). When the 8087 
is monitoring CPU bus cycles (passive mode) S6 is 
also monitored by the 8087 to differentiate 
8086/8088 activity from that of a local I/O processor 
or any other local bus master. (The 8086/8088 must 
be the only processor on the local bus to drive S6 
lo w.) S7 is multiplexed with and has the same value 
as BHE for all 8087 bus cycles. 

The first three status lines, S0-S2, are used with an 
8288 bus controller to determine the type of bus 



cycle being 


run: 






^2 


SI 


so 







X 


X 


Unused 


1 








Unused 


1 





1 


Memory Data Read 


1 


1 





Memory Data Write 


1 


1 


1 


Passive (no bus 
cycle) 



Programming Interface 

The NDP includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and 
program control. It also includes 68 numeric 
instructions for extended precision integer, floating 
point, trigonometric, logarithmic, and exponential 
functions. Sample execution times for several NDP 
functions are shown in Figure 4. Overall iAPX 86/20 
system performance is 100 times that of an iAPX 
86/10 class processor for numeric applications. 

Any instruction executed by the NDP is the 
combined result of the CPU and NPX activity. The 
CPU and the NPX have specialized functions and 
registers providing fast concurrent operation. The 
CPU controls overall program execution while the 
NPX uses the coprocessor interface to recognize 
and perform numeric operations. 

Table 2 lists the eight data types the iAPX 86/20, 
88/20 supports and presents the format for each 
type. Internally, the NPX holds all numbers in the 
temporary real format. Load and store instructions 
automatically convert operands represented in 
memory as 16-, 32-, or 64-bit integers, 32- or 64-bit 
floating point numbers or 18-digit packed BCD 
numbers into temporary real format and vice versa. 
The NDP also provides the capability to control 
round off, underflow, and overflow errors in each 
calculation. 

Computations in the NPX use the processor's regis- 
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The NPX 
register set can be accessed as a stack, with instruc- 
tions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 

Table 5 lists the 8087's instructions by class. All ap- 
pear as ESCAPE instructions to the host. Assembly 
language programs are written in ASM-86, the iAPX 
86, 88 assembly language. Table 3 gives the execu- 
tion times of some typical numeric instructions. 
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Table 3. Execution Time for Selected iAPX 86/20 
Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 





Approximate Execution 


Floating Point 


Time (/u,s) 




Instruction 


IAPX 86/20 IAPX 86/10 




(5 MHz 




Clock) Emulation 


Add/Subtract Magnitude 


14/18 1,600 


Multiply (single 




precision) 


19 1,600 


Multiply (extended 




precision) 


27 2,100 


Divide 


39 3,200 


Compare 


9 1,300 


Load (double precision) 


10 1,700 


Store (double precision) 


21 1,200 


Square Root 


36 19,600 


Tangent 


90 13,000 


Exponentiation 


100 17,100 



NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 

As shown in Figure 5, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU 
executes all numeric instructions, while the CU 
receives and decodes instructions, reads and writes 
memory operands and executes NPX control in- 
structions. The two elements are able to operate 
independently of one another, allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction. 

Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all instructions from memory; by 
monitoring the status signals (SO-S2, S6) emitted by 
the CPU, the NPX control unit determines when an 
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Figure 5. 8087 Block Diagram 
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8086 instruction is being fetched. The CU monitors 
the Data bus in parallel with the CPU to obtain in- 
structions that pertain to the 8087. 

The CU maintains an instruction queue that is identi- 
cal to the queue in the host CPU. The CU automatic- 
ally determines if the CPU is an 8086 or an 8 088 
immediately after reset (by monitoring the BHE/ S7 
line) and matches its queue length accordingly. By 
monitoring the CPU's queue status lines (QS0, QS1), 
the CU obtains and decodes instructions from the 
queue in synchronization with the CPU. 

A numeric instruction appears as an ESCAPE in- 
struction to the 8086 or 8088 CPU. Both the CPU and 
NPX decode and execute the ESCAPE instruction 
together. The 8087 only recognizes the numeric in- 
structions shown in Table 5. The start of a numeric 
operation is accomplished when the CPU executes 
the ESCAPE instruction. The instruction mayor may 
not identify a memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per- 
forms a "dummy read" of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 

8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 Instruction can have one of three memory 
reference options: (1) not reference memory; (2) 
load an operand from memory into the 8087; or (3) 
store an operand from the 8087 into memory. If no 
memory reference is required, the 8087 simply ex- 
ecutes its instruction. If a memory reference is re- 
quired, the CU uses a "dummy read" cycle initiated 
by the CPU to capture and save the address that the 
CPU places on the bus. If the instruction is a load, 
the CU additionally captures the data word when it 
becomes available on the local data bus. If data 
required is longer than one word, the CU immedi- 
ately obtains the bus from the CPU using the 
request/grant protocol and reads the rest of the in- 
formation in consecutive bus cycles. In a store oper- 
ation, the CU captures and saves the store address 
as in a load, and ignores the data word that follows in 
the "dummy read" cycle. When the 8087 is ready to 
perform the store, the CU obtains the bus from the 
CPU and writes the operand starting at the specified 
address. 



Numeric Execution Unit 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc- 
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 



Register Set 

The iAPX 86/20 register set is shown in Figure 3. 
Each of the eight data registers in the 8087's register 
stack is 80 bits wide and is divided into "fields" 
corresponding to the NDP's temporary real data 
type. 

At a given point in time the TOP field in the control 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like iAPX 86/10, 88/10 
stacks in memory, the 8087 register stack grows 
"down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is "top-relative." 



Status Word 

The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
1 6-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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o>IR is set if any unmasked exception bit is set, cleared otherwise. 
( 2 ) See Table 3 for condition code interpretation. 
(3 'Top Values: 

000 = Register is Top of Stack. 

001 = Register 1 is Top of Stack. 



111 = Register 7 is Top of Stack. 



EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
. (RESERVED) 

■ INTERRUPT REQUEST' 1 ' 

■ CONDITION CODE (2) 

■ TOP OF STACK POINTER* 3 ' 
- NEU BUSY 



Figure 6. 8087 Status Word 



The four numeric condition code bits (C0-C3) are 
similar to the flags in a CPU: various instructions 
update these bits to reflect the outcome of NDP 
operations. The effect of these instructions on the 
condition code bits is summarized in Table 4. 

Bits 14-12 of the status word point to the 8087 regis- 
ter that is the current top-of-stack (TOP) as 
described above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 

Bits 5-0 are set to indicate that the NEU has 
detected an exception while executing an instruc- 
tion. 



Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NDP's performance. The tag 
word can be used, however, to interpret the contents 
of 8087 registers. 



Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory. 
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Table 4. Condition Code Interpretation 



Instruction 


c 3 


c 2 


Ci 


Co 


Interpretation 


Compare, Test 





X 


X 





A>B 







X 


X 


1 


A< B 




1 


X 


X 





A = B 




1 


X 


X 


1 


A ? B (not comparable) 


Remainder 


u 





u 


u 


Complete reduction 




u 


1 


u 


u 


Incomplete reduction 


Examine 














Valid, positive, unnormalized 













1 


Invalid, positive, exponent ^ 










1 





Valid, negative, unnormalized 










1 


1 


Invalid, negative, exponent ^ 







1 








Valid, positive, normalized 







1 





1 


Infinity, positive 







1 


1 





Valid, negative, normalized 







1 


1 


1 


Infinity, negative 















Zero, positive 












1 


Empty 









1 





Zero, negative 









1 


1 


Empty 






1 








Invalid, positive, exponent = 






1 





1 


Empty 






1 


1 





Invalid, negative, exponent = 






1 


1 


1 


Empty 



X = value is not affected by instruction 
U = value is undefined following instruction 





5 













TAG (7) 


TAG (6) 


TAG (5) 
I 


TAG (4) 

,, , I .,.,. 


TAG (3) 


TAG (2) 

.1 


TAG (1) 

t 


TAG (0) 

» 










TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = SPECIAL 

11 • = EMPTY 









15 






INSTRUCTION POINTER (15-0) 


INSTRUCTION POINTER 
(19-16) 





INSTRUCTION OPCODE (10-0) 


DATA POINTER (15-0) 


DATA POINTER (19-16) 










Figure 7. 8087 Tag Word 



Figure 8. 8087 Instruction and Data Pointers 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 

The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
bit 7 contains a general mask bit for all 8087 in- 
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci- 
sion control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use- 
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 
proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 
aff ine closure, ±°°, or projective closure, », is treated 
as unsigned, may be specified). 



Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply con- 
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 

1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, °°- °°, etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this value in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087's default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANs as the cal- 
culation result. 



XXX 

J. 



EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 

- (RESERVED) 

- INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 

- PRECISION CONTROL' 1 ' 

- ROUNDING CONTROL' 21 

- INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 



(1 >Precision Control 


(2) Rounding Control 


00 = 24 bits 


00 = Round to Nearest or Even 


01 = Reserved 


01 = Round Down (toward - ») 


10 = 53 bits 


10 = Round Up (toward + =°) 


11 =64 bits 


1 1 = Chop (truncate toward zero) 



Figure 9. 8087 Control Word 
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2. OVERFLOW: The result is too large in magnitude 
to fit the specified format. The 8087 will generate 
an encoding for infinity if this exception is 
masked. 

3. ZERO DIVISOR: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 

4. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex- 
ponent is in range. This process is called gradual 
underflow. 



5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denormalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT: If the true result is not exactly 
representable in the specified format, the result 
is rounded according to the rounding mode, and 
this flag is set. If this exception is masked, pro- 
cessing will simply continue. 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3.0 Watt 



'NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v C c =+sv ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l L = 2.0 /aA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400 /aA 


•cc 


Power Supply Current 




475 


mA 


T A = 25°C 


«LI 


Input Leakage Current 




±10 


fiA 


0V *£ V, N *£ V CC 


Ilo 


Output Leakage Current 




±10 


fxA 


0.45V ^ Vqut < V CC 


V C L 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


Vcc + 10 


V 




C|N 


Capacitance of Inputs 




10 


PF 


fc = 1 MHz 


C|0 


Capacitance of I/O Buffer 
(ADO-15, A 16 -A 19 , BHE, S2-S0, 
RQ/GT) and CLK 




15 


PF 


fc = 1 MHz 


C OUT 


Capacitance of Outputs 
BUSY, INT 




10 


PF 


fc = 1 MHz 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = +5V ±10%) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/6 TCLCL) -15 




ns 




TCHCL 


CLK High Time 


(V3 TCLCL) + 2 




ns 




TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data In Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 




TRYHCH 


READY Setup Time 


(2/6 TCLCL)- 15 




ns 




TCHRYX 


READY Hold Time 


30 




ns 




TRYLCL 


READY Inactive to CLK (See Note 3) 


-8 




ns 




TGVCH 


RQ/GT Setup Time 


30 




ns 




TCHGX 


RQ/GT Hold Time 


40 




ns 




TQVCL 


QS0-1 Setup Time 


30 




ns 




TCLQX 


QS0-1 Hold Time 


10 




ns 




TSACH 


Status Active Setup Time 


30 




ns 




TSNCL 


Status Inactive Setup Time 


30 




ns 




TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 


C L = 20-100 pF for all 
8087 Outputs (in addition 
to 8087 self-load) 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 


TRYHSH 


Ready Active to Status Passive (See Note 2) 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


ns 


TCLAV 


Address Valid Delay 


10 


110 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 


TCHBV 


BUSY and INT Valid Delay 


10 


150 


ns 


TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 


TCLGL 


RQ/GT Active Delay 





85 


ns 


C L = 40 pF (in 

addition to 8087 self-load) 


TCLGH 


RQ/GT Inactive Delay 





85 


ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 

2. Applies only to T3 and wait states. 

3. Applies only to T2 state (8 ns into T 3 ). 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



i 
I 



C L = 100 pF 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



MASTER MODE 



y^s^TLJnM^ 



S^.S, 



BHE/S 7 ,A 19 /S 6 -A 16 /S 3 



ALE (8288 OUTPUT) 
(SEE NOTES 4, 7) 



READY (8087 INPUT) 
(SEE NOTES 2, 6) 



READ CYCLE 



8288 OUTPUTS V 
(SEE NOTES 7, 8) ^ 



WRITE CYCLE 



AD 15 -AD 



8288 OUTPUTS 
(SEE NOTES 7, 8) * 



NOTES: 

1 . ALL SIGNALS SWITCH BETWEEN V 0L AND V 0H UNLESS OTHERWISE SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OFT 2 , T 3 ANDT W TO DETERMINE IF T w 
MACHINE STATES ARE TO BE INSERTED. 

3. THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 
8086/8088. 

4. ALE RISES AT LATER OF (TSVLH, TCLLH). 

5. STATUS INACTIVE IN STATE JUST PRIOR TO T 4 . 

6. READY SHOULD REMAIN ACTIVE UNTIL S _ 2 BECOME INACTIVE. 

7. SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE ONLY 

8. THE IS SUANCE OF 8288 COMMAND AND CONTROL SIGNALS MRDC, MWTC, 
AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN. 

9. ALL TIMING MEASUREMENTS ARE MADE AT 1 .5V UNLESS OTHERWISE NOTED. 




FLOAT 
(SEE NOTE 3) 
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WAVEFORMS (Continued) 



PASSIVE MODE 



n r\ ns% 



QS^QSq 



S^.S, 



BHE/S 7 ,A 19 /S g -A 16 /S 3 



AD 15 -AD 



X 



X 



X 



^ BHE.A, -A 16 ) | ( S7-S3 



J 



X 



3 



TCLDX TDVCL| 

FLOAT 



X 



,u »»[* — ► 

/ DATA IN Y 



TCLDX 
FLOAT 






RESET 



v C c 




>4 CLK CYCLES 



- <20 CLK CYCLES — 
<8 CLK CYCLES 



8087 TRACKS 8087 READY TO 

CPU ACTIVITY EXECUTE INSTRUCTIONS 



REQUEST/GRANTq 



>1 CLK 
"CYCLE ~ 



RQ/GTO 

AD 15 -AD 

A 19 /S 6 -A 16 /S 3 

BHE/S7 



TCLGL 

* 



>0CLK 
"CYCLE - 



*\ 



ANY CLK 
— CYCLE"" 



>1 CLK 
"CYCLE - 







\ 



X8087 / 
RELEASE, I 

-4 



a — KE 
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WAVEFORMS (Continued) 



REQUEST/GRANT, 



ANYCLK >OCLK 

"CYCLE H* 




f\- 



ALTERNATE MASTER 



(SEE NOTE) 



NOTE: ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE OF THE REGION 
SHOWN WITHOUT RISKING BUS CONTENTION. 



)—- {8087 



BUSY AND INTERRUPT 


CLK \ 

BUSY, INT 
















) 


c 


TCHBV 




1 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set 



765432107654 



2 10 7 6 5 4 



21076543210 



Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to ST(0) 

BCD Memory to ST(0) 

ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory 

ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 
ST(0) to Long Integer Memory 
ST(0) to Temporary Real Memory 
ST(0) to BCD Memory 
ST(0) to ST(i) 



| ESCAPE MF 1 I MOD R/M | 



(DISP-LO) 



| ESCAPE 1 1 T" 



I 



(DISP-LO) 



(DISP-LO) 



1 1 1,| MOD 100 R/M | ' 



(DISP-LO) 



.1 I 110 ST(i) 



| ESCAPE 


MF 1 


j MOD 


R/M | 




j ESCAPE 


1 1 


| 1 1 6 


ST(i) | 



(DISP-LO) 



J-L 



i ST(i) | 



FXCH = Exchange ST(i) and ST(0) | ESCAPE 1 | 1 1 1 ST(i) | 



Comparison 

FCOM = Compare 
Integer/Real Memory to ST(0) 
ST(i) to ST(0) 

FCOMP = Compare and Pop 
Integer/Real Memory to ST(0) 
ST(i) to ST(0) 



FCOMPP = Compare ST(1) to ST(0) 

and Pop Twice 
FTST = Test ST(0) 



FXAM = Examine ST(0) 



(DISP-HI) 



(DISP-HI) 



(DISP-HI) 



(DISP-HI) 



(DISP-HI) 



| ESCAPE 


MF 1 


| MOD 1 


1 R/M | 


(DISP-LO) 


(DISP-HI) j 




| ESCAPE 


1 1 1 


| MOD 1 1 


1 R/M | 


(DISP-LO) 


(DISP-HI) | 




| ESCAPE 


1 1 


| MOD 1 1 


1 R/M | 


(DISP-LO) 


(DISP-HI) | 


| ESCAPE 


1 1 1 


| MOD 1 1 


R/M | 


(DISP-LO) 


(DISP-HI) | 



| ESCAPE 


MF 


"I 


MOD 1 


R/M [ 


(DISP-LO) | 


(DISP-HI) | 
















| ESCAPE 





"I 


110 10 


ST(i) | 
















| ESCAPE 


MF 


"I 


MOD 1 1 


R/M | 


(DISP-LO) ] 


(DISP-HI) | 
















| ESCAPE 





°l 


110 11 


ST(i) | 
















| ESCAPE 


1 1 


1 


110 110 


"o~n 
















j ESCAPE 





'I 


1110 1 


| 




| ESCAPE 





1 1 


1110 1 


1 | 





Mnemonics © Intel 1980 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued) 



Arithmetic 

FADD = Addition 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSUB = Subtraction 
Integer/Real Memory with ST(0) 
ST(i) and ST(0) 

FMUL = Multiplication 
Integer/Real Memory with ST(0) 
ST(i) and ST(0) 

FDIV = Division 

Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSQRT = Square Root of ST(0) 
FSCALE = Scale ST(0) by ST(1) 

FPREM = Partial Remainder of 
ST(0) + ST(1) 

FRNDINT = Round ST(0) 
to Integer 

FXTRACT = Extract Components 
of ST(0) 

FABS = Absolute Value of ST(0) 

FCHS = Change Sign of ST(0) 

Transcendental 

FPTAN = Partial Tangent of ST(0) 

FPATAN = Partial Arctangent of . 
ST(0) + ST(1) 

F2XM1 = 2 ST (°)-1 

FYL2X = ST(1)-Log 2 [ST(0)] 

FYL2XP1 = ST(1) • Log 2 [ST(0) + 1] | 

Constants 

FLDZ = LOAD + 0.0 into ST(0) 
FLD1 = LOAD + 1.0 into ST(0) 
FLDPI = LOAD w into ST(0) 
FLDL2T = LOAD log 2 10 into ST(0) 
FLDL2E = LOAD log 2 e into ST(0) 
FLDLG2 = LOAD log 10 2 into ST(0) 
FLDLN2 = LOAD loge 2 into ST(0) 


7 6 5 4 


3 2 


1 





7 6 


5 


4 


3 


2 


1 


7 6 5 4 3 2 1 


5 7 6 5 4 3 2 1 





| ESCAPE 


MF 





| MOD 











R/M 


_L 


(DISP-LO) 


| (DISP-HI) 


I 


| ESCAPE 


d 


P 





I 1 1 











ST(i) 


~ I 






























| ESCAPE 


MF 





| MOD 


1 





R 


R/M 


zr 


(DISP-LO) 


| (DISP-HI) 


| 


| ESCAPE 


d 


P 





|1 1 


1 





R 


R/M 


— i 






























| ESCAPE 


MF 





MOD 








1 


R/M 


i 


(DISP-LO) 


| (DISP-HI) 


| 






























| ESCAPE 


d 


P 













1 


R/M 


~ i 
























| ESCAPE 


MF 





| MOD 




1 


R 


R/M 


i 


(DISP-LO) 


[ (DISP-HI) 


I 


| ESCAPE 


d 


P 





I 1 1 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued) 



76543210 76543210765432107 65 4 3 2 1 



Processor Control 

FINIT = Initialize NDP 
FENI = Enable Interrupts 
FDISI = Disable Interrupts 
FLDCW = Load Control Word 
FSTCW = Store Control Word 
FSTSW = Store Status Word 
FCLEX = Clear Exceptions 
FSTENV = Store Environment 
FLDENV = Load Environment 
FSAVE = Save State 
FRSTOR = Restore State 
FINCSTP = Increment Stack Pointer 
FDECSTP = Decrement Stack Pointer 
FFREE = Free ST(i) 
FNOP = No Operation 
FWAIT = CPU Wait for NDP 



I ESCAPE 
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| ESCAPE 





1 1 


1 1 


1 














| ESCAPE 





1 1 


1 1 


1 





1 




| ESCAPE 





1 


MOD 


1 


1 


R/M 
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o 








FOOTNOTES: 



if mod = 00 then DISP = 0*, disp-low and disp-high are absent 
if mod = 01 then DISP = disp-low sign-extended to 16-bits, 

disp-high is absent 
if mod = 10 then DISP = disp-high; disp-low 
if mod = 11 then r/m is treated as an ST(i) field 



if r/m = 000 then EA = 
if r/m = 001 then EA = 
if r/m = 010 then EA = 
if r/m = 011 then EA = 
if r/m = 100 then EA = 
if r/m = 101 then EA = 
if r/m = 110 then EA = 
if r/m = 111 then EA = 



(BX) + (SI) +DISP 
(BX) + (DI) +DISP 
(BP) + (SI) +DISP 
(BP) + (DI) +DISP 
(SI) +DISP 
(Dl) +DISP 
(BP) + DISP* 
(BX) + DISP 



*except if mod = 000 and r/m = 1 10 then EA = disp-high: disp-low. 



MF = 



Memory Format 

00 — 32-bit Real 

01 — 32-bit Integer 

10 — 64-bit Real 

11 — 16-bit Integer 



ST(0) = Current stack top 

ST(i) = i th register below stack top 

d = Destination 

— Destination is ST(0) 

1 — Destination is ST(i) 

P= Pop 

— No pop 

1 — Pop ST(0) 

R = Reverse 

— Destination (op) Source 

1 — Source (op) Destination 

For FSQRT: -0 < ST(0) < +«> 

For FSCALE: -2 15 < ST(1) < +2 15 and ST(1) integer 

ForF2XM1: < ST(0) < 2" 1 

For FYL2X: < ST(0) < » 

-»< ST(1) < + » 
For FYL2XP1: < IST(0)| < (2 - x/2)/2 

-°°<ST(1)<«> 
For FPTAN: < ST(0) < nIA 

ForFPATAN: 0< ST(0)< ST(1) < +«> 
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8282/8283 
OCTAL LATCH 



Address Latch for iAPX 86, 88, 
MCS-80®, MCS-85®, MCS-48® Families 

High Output Drive Capability for 
Driving System Data Bus 

Fully Parallel 8-Bit Data Register and 
Buffer 

Transparent during Active Strobe 



■ 3-State Outputs 



20-Pin Package with 0.3" Center 



No Output Low Noise when Entering 
or Leaving High Impedance State 



The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph 
eral and input/output functions of a microcomputer system can be implemented with these devices. 
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Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Pin 


Description 


STB 


STROBE (Input). STB is an input control 
pulse used to strobe data at the data input 
pins (A -A 7 ) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HIGH to LOW 
transition of STB. 


61 


OUTPUT ENABLE (Input). 5E is an input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (B -B 7 ). OE being 
inactive HIGH forces the output buffers to 
their high impedance state. 


DI -DI 7 


DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements when STB is strobed and 
latched into the data input latches. 


DO -DO 7 
J8282) 

DOq-557 

(8283) 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as inverted (8283) or non-inverted 
(8282) data onto the data output pins. 



FUNCTIONAL DESCRIPTION 



The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to thejjata output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto70°C 

Storage Temperature - 65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (v C c = 5V ±10%, t a = o°c to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V C 


Input Clamp Voltage 




-1 


V 


| c = -5 mA 


•cc 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


Iql = 32 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = - 5 mA 


•off 


Output Off Current 




±50 


MA 


Vqff = 0.45 to 5.25V 


V|L 


Input Low Voltage 




0.8 


V 


V cc = 5.0V See Note 1 


V| H 


Input High Voltage 


2.0 




V 


V cc = 5.0V See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

V BIAS = 2.5V, V CC =5V 

T A = 25°C 



NOTE: 

1. Output Loading l OL =32mA, Iqh = -5 mA, C L = 300pF. 



A.C. CHARACTERISTICS (V C c = 5V ±10%, t a = o°c to 70°c 

Loading: Outputs — Iql = 32 mA » 'OH = ~ 5 mA > C L = 300 P F ) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
—Inverting 
—Non-Inverting 


5 
5 


22 
30 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 
—Inverting 
—Non-Inverting 


10 
10 


40 
45 


ns 
ns 


TEHOZ 


Output Disable Time 


5 


18 


ns 


TELOV 


Output Enable Time 


10 


30 


ns 


TIVSL 


Input to STB Setup Time 







ns 


TSLIX 


Input to STB Hold Time 


25 




ns 


TSHSL 


STB High Time 


15 




ns 


TILIH, TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: 

1. See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



■ 1.5 ■< TEST POINTS ► 1.5 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "V AND "0." 



OUTPUT TEST LOAD CIRCUITS 



33Q 



OUTO <> 



^ 300 pF 



3STATE TO Vql 



:i80a 



OUTO n 



Sp 300 pF 



3STATE TO Vqh 



2.14V 



OUTC 



; 52.7Q 



^300 pF 



SWITCHING 
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WAVEFORMS 



1 % 



1 



X 



I 



\ 



TEHOZh- TELOV — 

Voh.1V 



V0L+.1V 



NOTE: 1.8283 ONLY - OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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Output Delay vs. Capacitance 
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8284A 

CLOCK GENERATOR AND DRIVER FOR 

iAPX 86, 88 PROCESSORS 



Generates the System clock for the 
iAPX 86, 88 Processors 

Uses a Crystal or a TTL Signal for 
Frequency Source 

Provides Local READY and Multibus™ 
READY Synchronization 



18-Pin Package 

Single +5V Power Supply 

Generates System Reset Output from 
Schmitt Trigger Input 

Capable of Clock Synchronization with 
Other 8284As 




RESET 



OSC 



PCLK 



CSYNCE 1 



♦►CLK 



READY 



PCLKE 
AENlC 
RDY1C 
READY C 
RDY2C 
AEN2C 
CLKC 
GNDC 



18 UVcc 



DX1 
UX2 



4 15 

6 13 

7 12 

8 11 

9 10 



I3ASYNC 

HER 

Hf/c 
Hose 
Hres 

3 RESET 



ASYNC 



Figure 1. 8284A Block Diagram 



Figure 2. 
8284A Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


aenT, 

AEN2 


I 


Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 


RDY1, 
RDY2 


I 


Bus Ready: (Transfer Complete). RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 


ASYNC 


I 


Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 


mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization are 


provided. When ASYNC is left open or HIGH a 
single stage of READY synchronization is 
provided. 


READY 





Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 


X1.X2 


I 


Crystal In: X1 and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


F/C 


I 


Frequency/Crystal Select: F/C is a strapping 
option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is gener- 
ated from the EFI input. 


EFI 


I 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 



Symbol 


Type 


Name and Function 


CLK 





Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is Vb of the crystal or EFI input frequency and a 
Vb duty cycle. An output HIGH of 4.5 volts 
(V C c= 5V) is provided on this pin to drive MOS 
devices. 


PCLK 





Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is 1 /2 that of CLK and has a 50% duty cycle. 


OSC 





Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is equal to that of the crystal. 


RES 


I 


Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 


RESET 





Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 


CSYNC 


I 


Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator CSYNC should be hardwired to 
ground. 


GND 




Ground. 


Vcc 




Power: +5V supply. 



FUNCTIONAL DESCRIPTION 
General 

The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ "Ready" synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 

Oscillator 

The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 



The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(Ri = R2 = 510 ft) as shown in the waveform figures are 
recommended. The output of the Oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 

For systems which have a Vqq ramp time s* 1 V/ms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10pF (not including 8284A pin capacitance), the 
configuration in Figures 4 and 6 is recommended. This 
circuit provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray ca- 
pacitances to less than 10pF on X1 and X2 to minimize 
deviation from operating at the fundamental frequency. 
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Clock Generator 

The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This cJear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the -5-3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 

Clock Outputs 

The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK is a TTL level peripheral clock signal whose out- 
put frequency is Vi that of CLK. PCLK has a 50% duty 
cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284A. 

READY Synchronization 

Two READY inputs (RDY1, RDY2) are provided to accom- 
modate two M ulti-M aster syste m busses. Each i nput 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. If a Multi- 



Master system is not being used the AEN pin should be 
tied LOW. 



Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 



The ASYNC input defines two modes of READY syn- 
chronization operation. 



When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactivelThis mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 
required RDY setup timing, T r1V cl» on each bus cycle. 



When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
RDY setup time. 



ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 
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Figure 3. CSYNC Synchronization 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages -1.0V to +5.5V 

Power Dissipation 1 Watt 

D.C. CHARACTERISTICS (T A =0°C to 70°C, V CC =5V± 10%) 



'NOTICE: Stresses above thQse listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


«F 


Forward Input Current (ASYNC) 
Other Inputs 




-1.3 
-0.5 


mA 
mA 


V F = 0.45 V 
V F = 0.45 V 


Ir 


Reverse Input Current (ASYNC) 
Other Inputs 




50 
50 


ma 


Vr=V CC 
V R = 5.25 V 


V C 


Input Forward Clamp Voltage 




-1.0 


V 


lc= -5mA 


•cc 


Power Supply Current 




162 


mA 




V|L 


Input LOW Voltage 




0.8 


V 




V,H 


Input HIGH Voltage 


2.0 




V 




VlHR 


Reset Input HIGH Voltage 


2.6 




V 




Vol 


Output LOW Voltage 




0.45 


V 


5 mA 


VOH 


Output HIGH Voltage CLK 
Other Outputs 


4 
2.4 




V 
V 


-1mA 
-1mA 


V.HR-V ILR 


RES Input Hysteresis 


0.25 




V 




A.C. CHARACTERISTICS (T A =o°C to 70°C,V CC =5V± 10%) 
TIMING REQUIREMENTS 


Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tEHEL 


External Frequency HIGH Time 


13 




ns 


90% -90% V| N 


*ELEH 


External Frequency LOW Time 


13 




ns 


10% -10% V, N 


*ELEL 


EFI Period 


t EHEL+ t ELEH + (J 




ns 


(Note 1) 




XTAL Frequency 


12 


30 


MHz 




tRIVCL 


RDY1, RDY2 Active Setup to CLK 


35 




ns 




ASYNC = HIGH 


tRIVCH 


RDY1, RDY2 Active Setup to CLK 


35 




ns 


ASYNC = LOW 


tRIVCL 


RDY1, RDY2 Inactive Setup to CLK 


35 




ns 




tCLRIX 


RDY1, RDY2 Hold to CLK 







ns 




Uyvcl 


ASYNC Setup to CLK 


50 




ns 




tCLAYX 


ASYNC Hold to CLK 







ns 




UlVRIV 


AENT, AEN2 Setup to RDY1, RDY2 


15 




ns 




tCLA1X 


AEN1, AEN2 Hold to CLK 







ns 




tYHEH 


CSYNC Setup to EFI 


20 




ns 




*EHYL 


CSYNC Hold to EFI 


20 




ns 




Whyl 


CSYNC Width 


2'tELEL 




ns 




t|1HCL 


RES Setup to CLK 


65 




ns 


(Note 2) 


tCLMH 


RES Hold to CLK 


20 




ns 


(Note 2) 


*ILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


tlLIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


*CLCL 


CLK Cycle Period 


100 




ns 




tcHCL 


CLK HIGH Time 


( 1 /3 t C Lci_)+2 for CLK Freq. *s 8 MHz 
( 1 /3 tcLci.)+6 for CLK Freq.=10 MHz 




ns 


Fig. 7 & Fig. 8 


*CLCH 


CLK LOW Time 


(% t CL cL)-15 for CLK Freq.^8 MHz 
(% tea.)-™ for CLK Freq.=10 MHz 




ns 


Fig. 7 & Fig. 8 


*CH1CH2 
*CL2CL1 


CLK Rise or Fall Time 




10 


ns 


1.0V to 3.5V 


tpHPL 


PCLK HIGH Time 


tcLCL-20 




ns 




tpLPH 


PCLK LOW Time 


tcLCL-20 




ns 




*RYLCL 


Ready Inactive to CLK (See Note 4) 


-8 




ns 


Fig. 9& Fig. 10 


*RYHCH 


Ready Active to CLK (See Note 3) 


(% tcL.ciJ-15 for CLK Freq.^8 MHz 
(% tcLcO-14 for CLK Freq.=10 MHz 




ns 


Fig. 9& Fig. 10 


tcLIL 


CLK to Reset Delay 




40 


ns 




tcLPH 


CLK to PCLK HIGH DELAY 




22 


ns 




tcLPL 


CLK to PCLK LOW Delay 




22 


ns 




*OLCH 


OSC to CLK HIGH Delay 


-5 


22 


ns 




toLCL 


OSC to CLK LOW Delay 


2 


35 


ns 




toLOH 


Output Rise Time (except CLK) 




20 


ns 


From 0.8V to 2.0V 


toHOL 


Output Fall Time (except CLK) 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. 6= EFI rise (5 ns max)+ EFI fall (5ns max). 

2. Setup and hold necessary only to guarantee recognition at next clock. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



1 


- V L = 2.08V 
> R L = 325(1 










DEVICE 
UNDER 
TEST 




: c L 










C L = 100pF FOR CLK 




C L = 30pF FOR READY 
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WAVEFORMS 



CLOCKS AND RESET SIGNALS 

'j\f\, r \f\f\r\ 

tOLCH-^| W~ ■ 



CLK 


, 




PCLK 


\ 


tEHYL— 




•* tCLCH ►) -*■ 



NOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 



-tCLMH H< thHCL— 



t 



READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 



AEN1.2 



n 


r 


, 


L ! 


t J 








tCLRIX 
tRIVCH— *> 








i 


f 

••— tA1R1V 










^ 






J tAYVCL 
























f 

"| tRYHCH 

















_/ 3 


f 


n 


r 








tRIVCL 






tCLRIX 








7 






tCLA1X 






tCLAYX 


- 




"L 




tRYLCL— ►! 


*- 
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WAVEFORMS (Continued) 
















READY SIGNALS ( 

CLK I 3 


FOR SYNCHRONC 


JUS DEVICES) 

f / \ 1 \ 1 \ 


"* tcLRIX ^ 


tRIVCL 








"« tRIVCL- *> 

r...' 




RDY1.2 


'■ 




-h 


tCLRIX 


tAIRIV-*- 








AEN1.2 
ASYNC 


f 






r 


tAYVCL 








tCLA1X 


I 






1 
*CLAYX 








■*- 


READY 


/ 




t 








tRYLCL — *-j 

























X1 CLK 

X2 

F/C" 

CSYNC 




LOAD 
(SEE NOTE 1) 






p/lMHr 1 1 






T 
















i r 


















r., = r 2 = 51 on. 



Clock High and Low Time (Using X1, X2) 



















PULSE 
GENERATOR 


EFI CLK 

F/C 

CSYNC 




LOAD 
(SEE NOTE 1) 




Vcc 

I 




















1 















Clock High and Low Time (Using EFI) 
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v C c 














L_ 


ATRT CLK 

X1 

READY 
X2 

RDY2 OSC 
F/C 
AEN2 
CSYNC 




LOAD 
(SEE NOTE 1) 














24 MHz CZ3 

T" 




LOAD 
(SEE NOTE 2) 










:r 2 : 


•»i 












PULSE 

GENERATOR 

TRIGGER 














r 1 = r 2 = 5ion. 






i 






i 






• 


- 





















Ready to Clock (Using X1, X2) 



NOTES: 

1. C L = 100pF 

2. C L = 30 pF 





















PULSE 
GENERATOR 




EFI CLK 

F/C 

A~EN1 

RDY2 

ATR2 

CSYNC READY 




LOAD 
(SEE NOTE D 






Vcc 




















i 


1 




1- 






TRIGGER 

PULSE 

GENERATOR 














LOAD 
(SEE NOTE 2) 










JT~ 












— 











Ready to Clock (Using EFI) 
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OCTAL BUS TRANSCEIVER 



■ Data Bus Buffer Driver for IAPX 86,88, 
MCS-80™, MCS-85™, and MCS-48™ 
Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 



3-State Outputs 



20-Pin Package with 0.3" Center 



No Output Low Noise when Entering 
or Leaving High Impedance State 



The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 



0-n h 

ES-zT" 

rL. 






-fr 



n.. 



^ 



i 



'r-H 
"T-B 



"r-H 

■t-e 



H- 



Ehj" 



H 



^ 



-3 






.-T 






AoC 
Aid 
A2E 
A3C 
A 4 C 
A 5 C 

a 6 C 

A/C 

old 
gndC 



Dvcc 


AoC 


1 


W 20 


Uvcc 


HBo 


AlC 


2 


19 


3*b 


DB1 


A 2 C 


3 


18 


H«i 


H B 2 


A3E 


4 


17 


D B 2 


UB 3 


A 4 C 


5 


16 
B287 
15 


3*1 


Z|B 4 


A5E 


6 


3** 


H B 5 


a 6 C 


7 


14 


3*i 


D B 6 


A7C 


8 


13 


3* 


DB7 


old 


9 


12 


3^ 


DT 


GND(I 


10 


11 


Dt 



o 



Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


T 


I 


Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's B0-B7 as outputs with A0-A7 as inputs. T LOW configures A0-A7 as 
the outputs with B0-B7 serving as the inputs. 


OE 


I 


Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 


A0-A7 


I/O 


Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's 
local bus depending upon the state of the T pin. 


Bo-B 7 (8286) 
B -B 7 (8287) 


I/O 


System Bus Data Pins: These pins serve to either present data to or accept data from the system 
bus depending upon the state of the T pin. 



FUNCTIONAL DESCRIPTION 



The 8286 and 8287 transceivers are 8-bit transceivers with 
high impedance outputs. With T active HIGH and OE ac- 
tive LOW, data at the A -A 7 pins is driven onto the B -B 7 
pins. With T inactive LOW and OE active LOW, data at the 



B -B 7 pins is driven onto the A -A 7 pins. No output low 
glitching will occur whenever the transceivers are enter- 
ing or leaving the high impedance state. 
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TEST LOAD CIRCUITS 



^300pF 



3STATE TO Vql 



B OUTPUT 



OUTO <> 



~Z 300 pF 
3-STATE TO VoH 

B OUTPUT 



OUTO >t 



?fc 100 pF 
3-STATE TO V()L 

A OUTPUT 



~Z 100 pF 
3-STATE TO Voh 

A OUTPUT 



?P 300 pF 



B OUTPUT 



100 pF 
SWITCHING 

A OUTPUT 



7-100 



intef 



8286/8287 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect devict 
reliability. 



D.C. CHARACTERISTICS (V cc = +5V ±10%, t, 


,= 0°Cto70°C) 






Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


l c =-5 mA 


•cc 


Power Supply Current— 8287 
-8286 




130 
160 


mA 
mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vol 


Output Low Voltage — B Outputs 
—A Outputs 




.45 
.45 


V 
V 


Iol = 32 mA 
Iol = 16 mA 


Voh 


Output High Voltage — B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


l H = -5mA 
l 0H = -1 mA 


'off 
•off 


Output Off Current 
Output Off Current 




If 
Ir 




V O ff = 0-45V 
V ff = 5.25V 


V,L 


Input Low Voltage —A Side 
— BSide 




0.8 
0.9 


V 
V 


V cc = 5.0V, See Note 1 
V cc = 5.0V, See Note 1 


V,H 


Input High Voltage 


2.0 




V 


V cc = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

V BIAS = 2.5V, V CC =5V 

T A =25°C 



NOTE: 

1. B Outputs— Iql = 32 mA, Iqh = -5 mA, C|_ = 300 pF; A Outputs— Iql = 16 mA, Iqh - -1 rnA, C|_ = 100 pF. 



A.C. CHARACTERISTICS (V cc = +5V ±10%, t a = o°c to 70°C) 



Loading: B Outputs— l i_ = 
A Outputs— Iql = 



32 mA, Iqh = -5 mA, C L = 300 pF 
16 mA, Iqh = ~1 mA, C L = 100 pF 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 


5 
5 


22 
30 


ns 
ns 


(See Note 1) 


tehtv 


Transmit/Receive Hold Time 


5 




ns 


ttvel 


Transmit/Receive Setup 


10 




ns 


tehoz 


Output Disable Time 


5 


18 


ns 


telov 


Output Enable Time 


10 


30 


ns 


tilih, 

TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8 V to 2.0V 


TIHIL, 

TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 8.0V 



NOTE: 

1. See waveforms and test load circuit on following page. 
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WAVEFORMS 



X 



X 



f "A 



TEHOZ |*- TELOV — 
VOH " -1V 



'OL + -1V \. 



Vol + .1V 

TEHTV 



X 



NOTE: 

1. All timing measurements are made at 1.5V unless otherwise noted. 



50 


8287 






50 


p 


8286 






40 


- 






40 










U 

Hi 

«> 30 

Z 




**0?^ 




8 

CO 

Z 30 






vg^ — 




_i 

UJ 
Q 








>• 

5 

UJ 

a 










20 




Xtf^^ ^ 




20 










10 




I I I 


I 


10 




I 


i i i 


I 




200 


400 600 800 1000 




200 


400 600 800 


1000 






pF LOAD 








pF LOAD 





Output Delay versus Capacitance 
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BUS CONTROLLER 

FOR iAPX 86, 88 PROCESSORS 



Bipolar Drive Capability 
Provides Advanced Commands 



3-State Command Output Drivers 
Configurable for Use with an I/O Bus 



Provides Wide Flexibility in System 
Configurations 



■ Facilitates Interface to One or Two 
Multi-Master Busses 



The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 



STATUS I li 



So- 

fl" 
s 2 - 



{CLK- 
AEN- 
CEN- 
IOB- 



STATUS 
DECODER 



COM- 
MAND 
SIGNAL 
GENER- 
ATOR 



CONTROL 
LOGIC 



CONTROL 
SIGNAL 
GENER- 
ATOR 



- MRDC 

► MWTC 
* AMWC 

- IORC 

- IOWC 

► AIOWC 

► JNTA 



MULTIBUS™ 

COMMAND 

SIGNALS 



- DT/R \ 

I ADDRESS LATCH, DATA 

- DEN I TRANSCEIVER, AND 

► MCE/PDEN | INTERRUPT CONTROL 

-ALE ) SIGNALS 



iobC 


1 


20 


Dvcc 


clkC 


2 


19 


I] SO 


siC 


3 


18 


3 S2 


DT/R C 


4 


17 


3 MCE/PDEN 


ALEC 

aenX 


5 
6 


16 
8288 
15 


3 DEN 
I]CEN 


MRDC C 


7 


14 


HTnta 


AMWCC 


8 


13 


UioRC 


MWTCC 


9 


12 


J AIOWC 


gndC 


10 


11 


Hiowc 



Figure 1. Block Diagram 



Figure 2. 
Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Vcc 




Power: +5V supply. 


GND 




Ground. 


So, Si, S2 


I 


Status Input Pins: These pins are the 
status input pins from the 8086, 8088 or 
8089 processors. The 8288 decodes these 
inputs to generate command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See chart under Command and 
Control Logic.) 


CLK 


I 


Clock: This is a clock signal from the 
8284 clock generator and serves to estab- 
lish when command and control signals 
are generated. 


ALE 





Address Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent D type latches. 


DEN 





Data Enabie: This signal serves to en- 
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 


DT/R" 





Data Transmit/Receive: This signal es- 
tablishes the direction of data flow 
through the transceivers. A HIGH on this 
line indicates Transmit (write to I/O or 
memory) and a LOW indicates Receive 
(Read). 


AEN 


I 


Address Enable: AEN enables command 
outputs of the 8288 Bus Controller at least 
1 1 5 ns after it becomes active (LOW). AEN 
going inactive immediately 3-states the 
command output drivers. AEN does not 
affect the I/O command lines if the 8288 is 
in the I/O Bus mode (IOB tied HIGH). 


CEN 


I 


Command Enable: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 


IOB 


I 


Input/Output Bus Mode : When the IOB is 
strapped HIGH the 8288 functions in the 
I/O Bus mode. When it is strapped LOW, 
the 8288 functions in the System Bus 
mode. (See sections on I/O Busand Sys- 
tem Bus modes). 



Symbol 


Type 


Name and Function 


AIOWC 





Advanced I/O Write Command: The 


AIOWC issues an I/O Write Command 
earlier in the machine cycle to give I/O 
devices an early indication of a write in- 
struction. Its timing is the same as a read 
command signal. AIOWC is active LOW. 


IOWC 





I/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 


IORC 





I/O Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signalis active 
LOW. 


AMWC 





Advanced Memory Write Com- 
mand: The AMWC issues a memory write 
command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 


MWTC 





Memory Write Command: This com- 
mand line instructs the memory to record 
the data present on the data bus. This 
signal is active LOW. 


MRDC 





Memory Read Command: This com- 
mand line instructs the memory to drive 
its data onto the data bus. This signal is 
active LOW. 


INTA 





Interrupt Acknowledge: This command 
line tells an interrupting device that its 
interrupt has been acknowledged and 
that it should drive vectoring information 
onto the data bus. This signal is active 
LOW. 


MCE/PDEN 





This is a dual function pin. 
MCE (IOB is tied LOW): Master Cascade 
Enable occurs during an interrupt se- 
quence and serves to read a Cascade 
Address from a master PIC (Priority Inter- 
rupt Controller) onto the data bus. The 
MCE signal is active HIGH. 
PDEN (IOB is tied HIGH): Peripheral 
Data Enable enables the data bus trans- 
ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 
Command and Control Logic 

The command log|c_decodes the three 8086, 8088 or 8089 
CPU status lines (S , Si, S2) to determine what command 
is to be issued. 
This chart shows the meaning of each status "word". 



S2 S-j So 


Processor State 


8288 Command 





Interrupt Acknowledge 


INTA 

IORC 

lOWC.AIOWC 

None 

MRDC 

MRDC 


1 


Read I/O Port 


10 


Write I/O Port 


1 1 


Halt 


1 


Code Access 


1 1 


Read Memory 


1 1 


Write Memory 


MWTC.AMWC 
None 


1 1 1 


Passive 



The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 
I/O Bus Mode — The 8288 is in the I/O Bus mode if the 
IOB pin is strap ped H I GH. In the I/O Bus m ode all I/O 
command lines (IORC, IOWC, AIOWC, INTA) are always 
enabled (i.e., not dependent on AEN). When an I/O com- 
mand is initiated by the processor, th e 8288 immediately 
activates the command lines using PDEN and DT/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Norm al memory ac- 
cess requires a "Bus Ready" signal (AEN LOW) before it 
will proceed. It is advantageous to use the IOB mode if 
I/O or peripherals dedicated to one processor exist in a 
multi-processor system. 

System Bus Mode — The 8288 is in the System Bus mode 
if the IOB pin is strapped LOW. In this m ode no command 
is issued until 115 ns after the AEN Line is activated 
(LOW). This mode assumes b us arb itration logic will in- 
form the bus controller (on the AEN line) when the bus is 
free for use. Both memory and I/O commands wait for bus 
arbitration. This mode is used when only one bus exists. 
Here, both I/O and memory are shared by more than one 
processor. 

COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. 

The command outputs are: 

MRDC — Memory Read Command 

MWTC — Memory Write Command 

IORC — I/O Read Command 

IOWC — I/O Write Command 

AMWC — Advanced Memory Write Command 

AIOW C — Advanced I/O Write Command 

INTA — Interrupt Acknowledge 



INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 



CONTROL OUTPUTS 

The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Maste r Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when the extema[_bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 



The MCE/PDEN pin changes function with the two 
modes of the 8 288. W hen the 8288 is in the IOB mode 
(IOB HIGH) the PDEN signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 



INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 is in the System Bus mode (IOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller's (PIC) cascade address onto the processor's 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 

If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 



ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (§^, 
S-i, S2) into a latch for halt state decoding. 



COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Power Dissipation 1 .5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = 5V ± 10%, t a = o°c to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V C 


Input Clamp Voltage 




-1 


V 


l c = -5 mA 


■cc 


Power Supply Current 




230 


mA 




If 


Forward Input Current 




-0.7 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


fiA 


Vr = Vcc 


Vol 


Output Low Voltage 
Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


I l = 32 mA 
Iol = 16 mA 


Voh 


Output High Voltage 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


I h = -5 mA 
Ioh = -1 mA 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




'off 


Output Off Current 




100 


juA 


Vqff = 0.4 to 5.25V 



A.C. CHARACTERISTICS (V cc = 5V ± 10%, t a = o°c to 70°C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


100 




ns 




tclch 


CLK Low Time 


50 




ns 




tchcl 


CLK High Time 


30 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




tchsv 


Status Active Hold Time 


10 




ns 




tshcl 


Status Inactive Setup Time 


35 




ns 




tclsh 


Status Inactive Hold Time 


10 




ns 




tilih 


Input, Rise Time 




20 


ns 


From 0.8V to 2.0V 


tihil 


Input, Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCVNV 


Control Active Delay 


5 


45 


ns 


x 


TCVNX 


Control Inactive Delay 


10 


45 


ns 


TCLLH, 
TCLMCH 


ALE MCE Active Delay (from CLK) 




20 


ns 


TSVLH, 
TSVMCH 


ALE MCE Active Delay (from 
Status) 




20 


ns 


TCHLL 


ALE Inactive Delay 


4 


15 


ns 


MRDC 

JORC 

MWTC 


Iol = 32 mA 
► Ioh = -5 mA 
C L = 300 pF 

( Iql = 16 mA 


TCLML 


Command Active Delay 


10 


35 


ns 


TCLMH 


Command Inactive Delay 


10 


35 


ns 


TCHDTL 


Direction Control Active Delay 




50 


ns 


IOWC 
INTA 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


TAELCH 


Command Enable Time 




40 


ns 


AMWC 


TAEHCZ 


Command Disable Time 




40 


ns 


AIOWC 


TAELCV 


Enable Delay Time 


115 


200 


ns 


TAEVNV 


AEN to DEN 




20 


ns 


Other { Ioh = ~1 mA 
( C L = 80 pF 


TCEVNV 


CEN to DEN, PDEN 




25 


ns 


TCELRH 


CEN to Command 




TCLML 


ns 


TOLOH 


Output, Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output, Fall Time 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 



3STATE TO HIGH 



3-STATE TO LOW 



COMMAND OUTPUT 
TEST LOAD 



?p80pF 



CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 



jf\_f\^jr^j^jr\ 



S2, Si, §o 



ADDRESS/DATA 



MR DC, IQRC, INTA 
AMWC, AIOWC 



DEN (READ) 
UtN (INTA) 



Tj(READ) 
N (INTA) 



DT/R (READ) 
(INTA) 






\ 



X 

7 



ADDR 
VALID 



X 



\ 



\ 



7® 



\ 



HZ 



WRITE (T) 

DATA VALID W 



\ 



I 



K 



h- TI 



/ 



/ 



Y 



A 



Y 



\ 



"Y 



J\ 



/ 



1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 

3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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WAVEFORMS (Continued) 



DEN, PDEN QUALIFICATION TIMING 



I 



X 



LX 



I 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



OUTPUT 
COMMAND" 



TCELRH- 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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8289 
BUS ARBITER 



Provides Multi-Master System Bus 
Protocol 

Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 

Provides Simple Interface with 8288 
Bus Controller 



Four Operating Modes for Flexible 
System Configuration 

Compatible with Intel Bus Standard 
MULTIBUS™ 

Provides System Bus Arbitration for 
8089 IOP in Remote Mode 



The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi- 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive capability. 



8086/8088/8089 
STATUS 



Si- 

5- 



PROCESSOR 
CONTROL 



LOCK ■ 

CLK - 

CRQLCK " 

RESB • 

ANYRQST - 

IOB - 



^ Nj. 

ARBITRATION \f— -/ 

n 



STATE 
GENERATOR 



zz 



MULTIBUS 
INTERFACE 



LOCAL 

BUS 

INTERFACE 



■ INIT 

" 5cL"^ 

- BREQ 

- BPRN 
» BPRO 
► BUSY 

- CBRQ 



MULTIBUS™ 

COMMAND 

SIGNALS 



- — - AEN \ 



SYSTEM 
SIGNALS 



Figure 1. Block Diagram 




PROCESSOR 
STATUS 



CONTROL/ 

STRAPPING 

OPTIONS 




Figure 2. Pin Diagram 



Figure 3. Functional Pinout 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Vcc 




Power: +5V supply ±10%. 


GND 




Ground. 


S0,S1,S2 


I 


Status Input Pins: The status input pins 
from an 8086, 8088 or 8089 processor. The 
8289 decodes these pins to initiate bus re- 
quest and surrender actions. (See Table 2.) 


CLK 


1 


Clock: From the 8284 clock chip and 
serves to establish when bus arbiter ac- 
tions are initiated. 


LOCK 




Lock: A processor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 
bus to any other bus artiter, regardless of 
its priority. 


CRQLCK 


1 


Common Request Lock: An active low 
signal which prevents the arbiter from sur- 
rendering the multi-master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 


RESB 


1 


Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems hav- 
ing both a multi-master system bus and a 
Resident Bus. Strapped high, the multi- 
master system bus is requested or surren- 
dered as a function of the SYSB/RESB 
input pin. Strapped low, the SYSB/RESB 
input is ignored. 


ANYRQST 


1 


Any Request: A strapping option which 
permits the multi-master system bus to be 
surrendered to a lower priority arbiter as if 
it were an arbiter of higher priority (i.e., 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus 
is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is 
surrendered according to Table 2. If ANY- 
RQST is strapped high and CBRQ is ac- 
tivated, the bus is surrendered at the end of 
the present bus cycle. Strapping CBRQ low 
and ANYRQST high forces the 8289 arbiter 
to surrender the multi-master system bus 
after each transfer cycle. Note that when 
surrender occurs BREQ is driven false 
(high). 


IOB 


1 


10 Bus: A strapping option which confi- 
gures the 8289 Arbiter to operate in sys- 
tems having both an 10 Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 
the multi-master system bus as a function 
of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered 
while the processor is performing 10 com- 
mands and is requested whenever the pro- 
cessor performs a memory command. 
Interrupt cycles are assumed as coming 
from. the peripheral bus and are treated as 
an 10 command. 



Symbol 


Type | Name and Function 


AEN 





Address Enable: The output of the 8289 
Arbiter to the processor's address latches, 
to the 8288 Bus Controller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when 
to tri-state their output drivers. 


SYSB/ 
RESB 


1 


System Bus/Resident Bus: An input 
signal when the arbiter is configured in the 
S.R. Mode (RESB is strapped high) which 
determines when the multi-master system 
bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is intended to originate from a form of 
address-mapping circuitry, as a decoder or 
PROM attached to the resident address 
bus. Signal transitions and glitches are 
permitted on this pin from $1 ofT4to01 of 
T2 of the processor cycle. During the 
period from 01 of T2 to <f> 1 of T4, only clean 
transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the multi-master 
system bus may be requested or surren- 
dered, depending upon the state of the 
glitch. The arbiter requests the multi- 
master system bus in the S.R. Mode when 
the state of the SYSB/RESB pin is high and 
permits the bus to be surrendered when 
this pin is low. 


CBRQ 


I/O 


Common Bus Request: An input signal 
which instructs the arbiter if there are any 
other arbiters of lower priority requesting 
the use of the multi-master system bus. 

The CBRQ pins (open-collector output) of 
all the 8289 Bus Arbiters which surrender 
to the multi-master system bus upon re- 
quest are connected together. 

The Bus Arbiter running the current trans- 
fer cycle will not itself pull the CBRQ line 
low. Any other arbiter connected to the 
CBRQ line can request the multi-master 
system bus. The arbiter presently running 
the current transfer cycle drops its BREQ 
signal and surrenders the bus whenever 
the proper surrender conditions exist. 


Strapping CBRQ low and ANYRQST high 
allows the multi-master system bus to be 
surrendered after each transfer cycle. See 
the pin definition of ANYRQST. 


iNIT 


1 


Initialize: An active low multi-master sys- 
tem bus input signal used to reset all the 
bus arbiters on the multi-master system 
bus. After initialization, no arbiters have 
the use of the multi-master system, bus. 
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Table 1. Pin Descriptions (Continued) 



Symbol 


Type 


Name and Function 


BCLK 


I 


Bus Clock: The multi-master system bus 
clock to which all multi-master system bus 
interface signals are synchronized. 


BREQ 





Bus Request: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 


BPRN 


I 


Bus Priority In: The active low signal re- 
turned to the arbiter to instruct it that it may 
acquire the multi-master sysjtembus on the 
next falling edge of BCLK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 



Symbol 


Type 


Name and Function 


BPRO 





Bus Priority Out: An active low output 
signal used in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 


BUSY 


I/O 


Busy: An active low open collector 
multi-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail- 
able. When the multi-master system bus is 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSYsignal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 



FUNCTSONAl DESCRIPTION 

The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86, 88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un- 
aware of the arbiter's existence and issues commands as 
though it has exclusive use of the system bus. If the pro- 
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
"Not Ready" and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac- 
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv- 
ers, and the address latches to access the system. Typi- 
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate "READY" from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro- 
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 

Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master is not accessing the system bus. 
A strapping option (ANYRQST) is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though it were a master of higher priority. If there are no 
other bus masters requesting the bus, the arbiter main- 
tains the bus so long as its processor has not entered 



the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master's bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets of 
conditions. 



Priority Resolving Techniques 

Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv- 
ing techniques. All the techniques are based on a priori- 
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 
resolving techniques, and rotating priority techniques. 



PARALLEL PRIORITY RESOLVING 

The parallel priorit y reso lving technique uses a separate 
bus request line (BREQ) for each arb iter on the rnulti- 
master system bus, see Figure 4. Each BREQ line enters 
into a priority encoder whic h gene rates the binary ad- 
dress of the highest priority BREQ line which is active. 
The binary address is dec oded by a decoder to select 
the corresponding BPRN (Bus Priority In) line to be 
returned to the highest pri ority r equesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus is no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 
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Upon completing its transaction the present bus occu- 
pant recognizes that it no lo nger has prio rity and sur- 
renders the bus by releasing BUSY. BUSY is an active 
low "OR" tied signal line which g oes to every bus arbiter 
on the system bus. When BUSY goes in active (high), the 
arbiter which presently has bus priority (BPRN true) then 



seizes the bus and pulls BUSY low to keep other arbiters 
off of the bus. See waveform timing diagram, Figure 5. 
Note that all multi-master system bus transactions are 
synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority 
resolving scheme employed to settle. 
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Figure 4. Parallel Priority Resolving Technique 
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HIGHER PRIORITY BUS ARBITER THE 



Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 

The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement by 
daisy-chaining the bus arbit ers tog ether, connecting the 
higher pri ority bu s arbiter's BPRO (Bus Priority Out) out- 
put to the BPRN of the next lower priority. See Figure 6. 



u 



tf 
v 



v 



"l 



& 



^ 



THE NUMBER OF ARBITERS THAT MAY BE DAISY-CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA- 
GATION DELAY FROM ARBITER TO ARBITER. NORMALLY, AT io MHz ONLY 3 ARBI- 
TER MAY BE DAISY-CHAINED. 



Figure 6. Serial Priority Resolving 



ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which ro- 
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi-master 
system bus, over time. 



Which Priority Resolving Technique To 
Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter- 
nal logic but can accommodate only a limited number of 
bus arbiters before the daisy-chain propagatio n delay 
exceeds the multi-master's system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 



8289 MODES OF OPERATION 

There are twq types of processors in the iAPX 86 family. An 
Input/Output processor (the 8089 IOP) and the iAPX 86/iQ, 
88/10 CPUs. Consequently, there are two basic operating 
modes in the 8289 bus arbiter. One, the IOB (I/O Peripheral 
Bus) mode, permits the processor access to both an I/O 
Peripheral Bus and a multi-master system bus. The sec- 
ond, the RESB (Resident Bus mode), permits the pro- 
cessor to communicate over both a Resident Bus and a 
multi-master system bus. An I/O Peripheral Bus is a bus 
where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O com- 
mands. All memory commands are directed to another 
bus, the multi-master system bus. A Resident Bus can 
issue both memory and I/O commands, but it is a distinct 
and separate bus from the multi-master system bus. The 
distinction is that the Resident Bus has only one master, 
providing full availability and being dedicated to that one 
master. 

The JOB stra ppin g option configures the 8289 Bus Ar- 
biter into the IOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped, 
false, the arbiter interfaces the processor to a multi- 
master system bus only (see Figure 7). With both op- 
tions strapped true, the arbiter interfaces the processor 
to a multi-master system bus, a Resident Bus, and an I/O 
Bus. 

In the JOB mode, the processor communicates and con- 
trols a host of peripherals over the Peripheral Bus. When 
the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 
8 shows a possible I/O Processor system configuration. 

The iAPX 86 and iAPX 88 processors can communicate 
with a Resident Bus and a multi-master system bus. Two 
bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. in such a 
system configuration the processor would have access to 
memory and peripherals of both busses. Memory map- 
ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 

A summary of the modes that the 8289 has, along with 
its response to its status lines inputs, is summarized in 
Table 2. 



*ln some system configurations it is possible for a non-l/O Processor to 
have access to more than one Multi-Master System Bus, see 8289 
Application Note. 
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Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 



Status Lines From 
8086 or 8088 or 8089 


IOB Mode 
Only 


RESB (Mode) Only 
IOB = High RESB = High 


IOB Mode RESB Mode 
IOB = Low RESB = High 


Single 

Bus Mode 

IOB = High 

RESB = Low 


§2 SI SO 

1 
COMMANDS n 

1 


IOB = Low 

X 
X 
X 


SYSB/RESB = High SYSB/RESB = Low 

X 
X 
X 


SYSB/RESB = High SYSB/RESB = Low 

X X 
X X 
X X 




HALT 1 1 


X 


X X 


X X 


X 


1 
MEM 1 o 1 
COMMANDS 1 1 




X 
X 
X 


X 
X 
X 




IDLE 1 1 1 


X 


X X 


X X 


X 



NOTES: 

1. X= Multi-Master System Bus is allowed to be Surrendered. 

2. s = Multi-Master System Bus is Requested. 



Mode 


Pin 
Strapping 


Multi-Master System Bus 


Requested** 


Surrendered* 


Single Bus 
Multi-Master Mode 


IOB = High 
RESB = Low 


Whenever the processor's 
status lines go active 


HLT + TI* CBRQ+HPBRQ t 


RESB Mode Only 


IOB = High 
RESB=High 


SYSB/RESB = High • 
ACTIVE STATUS 


(SYSB/RESB^ Low + TI)» 
CBRQ + HLT+HPBRQ 


IOB Mode Only 


IOB = Low 
RESB = Low 


Memory Commands 


(I/O Status + TI)«CBRQ + 
HLT+HPBRQ 


IOB Mode RESB Mode 


JOB = Low 
RESB=High 


(Memory Command) • 
(SYSB/RESB = High) 


((I/O Status Commands) + 
SYSB/RESB = LOW)) • CBRQ 
+ HPBRQt+HLT 



N OTES: 

*LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
*HPBRQ, Higher priority Bus request or BPRN = 1. 

1. IOB Active Low. 

2. RESB Active High. 

3. + is read as "OR" and • as a "AN_D/j_ 

4. Tl = Processor Idle Status S2 i S1 J J^=111 

5. HLT= Processor Halt Status S2, S1, SO = 011 
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Figure 7. Typical Medium Complexity CPU System 
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Figure 8. Typical Medium Complexity IOB System 
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A 



RDY2 RDY1 
READY CLK 



READY CLK 



^71 



RESIDENT BUS 



PROM 

OR 

DECODER 



TT 



J 



CLK 

DT/R 
DEN 



o 



c 



- XACK MULTI-MASTER SYSTEM BUS 
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'BY ADDING ANOTHER 8289 ARBITER AND CONNECTING ITS AEN TO THE 8288 
WHOSE SEN IS PRESENTLY GROUNDED, THE PROCESSOR COULD HAVE ACCESS 
TO TWO MULTI-MASTER BUSES. 



Figure 9. 8289 Bus Arbiter Shown in System-Resident Bus Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to +5.5V 

Power Dissipation 1.5 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera* 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = oc to 70°c, 


V cc = +5V±10%) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Condition 


V C 


Input Clamp Voltage 




-1.0 


V 


V cc = 4.50V, l c = -5 mA 


If 


Input Forward Current 




-0.5 


mA 


V cc = 5.50V, V F = 0.45V 


Ir 


Reverse Input Leakage Current 




60 


mA 


V cc = 5.50, V R = 5.50 


Vol 


Output Low Voltage 
BUSY, CBRQ 
AEN 




0.45 
0.45 
0.45 


V 
V 
V 


I O l = 20 mA 
I l="I6 mA 
Iol= 1 mA 


BPRO, BREQ 


Voh 


Output High Voltage 


Open Collector 




BUSY, CBRQ 


All Other Outputs 


2.4 




V 


Iqh = 400 pA 


'cc 


Power Supply Current 




165 


mA 




V,L 


Input Low Voltage 




.8 


V 




V,H 


Input High Voltage 


2.0 




V 




Cin Status 


Input Capacitance 




25 


PF 




Cin (Others) 


Input Capacitance 




12 


PF 





A.C. CHARACTERISTICS (V cc = +5V ±10%, t a = o°c to 70°C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


65 




ns 




TCHCL 


CLK High Time 


35 




ns 




TSVCH 


Status Active Setup 


65 


TCLCL-10 


ns 




tshcl 


Status Inactive Setup 


50 


TCLCL-10 


ns 




thvch 


Status Active Hold 


10 




ns 




thvcl 


Status Inactive Hold 


10 




ns 




tbysbl 


BUSYf jSetup to BCLKj 


20 




ns 




tcbsbl 


CBRQfiSetup to BCLKj 


20 




ns 




tblbl 


BCLK Cycle Time 


100 




ns 




tbhcl 


BCLK High Time 


30 


.65[TBLBL] 


ns 




TCLLL1 


LOCK Inactive Hold 


10 




ns 




TCLLL2 


LOCK Active Setup 


40 




ns 




TPNBL 


BPRNjfto BCLK Setup Time 


15 




ns 




TCLSR1 


SYSB/RESB Setup 







ns 




TCLSR2 


SYSB/RESB Hold 


20 




ns 




TIVIH 


Initialization Pulse Width 


3 TBLBL+ 
3 TCLCL 




ns 




tilih 


Input Rise Time 




20 


ns 


From 0.8 to 2.0V 


tihil 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 



7-118 



irrteT 



8289 



raiUBMM? 



A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


TBLBRL 


BCLKtoBREQDelayif 




35 


ns 




TBLPOH 


BCLK to BPROif (See Note 1) 




40 


ns 




TPNPO 


BPRNlfto BPROifDelay 
(See Note 1) 




25 


ns 




TBLBYL 


BCLK to BUSY Low 




60 


ns 




TBLBYH 


BCLK to BUSY Float (See Note 2) 




35 


ns 




TCLAEH 


CLK to AEN High 




65 


ns 




TBLAEL 


BCLK to AEN Low 




40 


ns 




TBLCBL 


BCLK to CBRQ Low 




60 


ns 




TRLCRH 


BCLK to CBRQ Float (See Note 2) 




35 


ns 




TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



it Denotes that spec applies to both transitions of the signal. 

NOTES: 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 

2. Measured at .5V above GND. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1 " AND "0." 



DEVICE 
UNDER 
TEST 



"1. 
I 



C L = 100pF 



C L = 100 pF 

C t INCLUDES JIG CAPACITANCE 
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WAVEFORMS 




TBLCBH- 

N OTES: 

1. LOCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 
RELAT IONSHIPS SHOWN ABOVE WITH RESPECT TO THE CLK ARE MAINTAINED. 
LOCK INA CTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. 
-CRQLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

2. GLITCHING OF SYSB/RiSB PIN IS PERMIT TED DURING THIS TIME. AFTER <f> 2 OF 
T1, AND BEFORE <£1 OF T4, SYSB/RESB SHOU LD BE STABLE. 

3. AEN LEADING EDGE IS RELATED TO BCLK, TRAILING EDGE TO CLK. THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY IS LOST. 



ADDITIONAL NOTES: 

The signals related to CLK a re typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume ar biter 1 ha s the bus and is holding busy low. Arbit er #2 d etect s its p rocessor wants the bus and 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes 
the bus request rather than having to wait for another arbiter to release the bus through CBRQ].** Arb iter #1 w ill relin- 
quish the multi-master system bus when it enters a state not requiring it (s ee Table 1), by lowering its BPRO #1 (tied to 
BPRN#2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if 
arbiter #2 di dn't want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by 
lowering its BPRO #2 [TPNPO]. 

**Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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8041 A/8641 A/8741 A 

UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 



8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 

One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 

DMA, Interrupt, or Polled Operation 
Supported 

1024 x 8 ROM/EPROM, 64 x 8 RAM, 
8-Bit Timer/Counter, 18 Programmable 
I/O Pins 



■ Fully Compatible with MCS-48™, 
MCS-80™, MCS-85™, and MCS-86™ 
Microprocessor Families 

■ Interchangeable ROM and EPROM 
Versions 

■ 3.6 MHz 8741A-8 Available 

■ Expandable I/O 

■ RAM Power-Down Capability 

■ Over 90 Instructions: 70% Single Byte 

■ Single 5V Supply 



The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to 
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems. 

The UPI-41 A™ has 1 K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041A version or as UV-erasable EPROM in the 8741 A version. The 8741A 
and the 8041 A are fully pin compatible for easy transition from prototype to production level designs. The 8641 A is a 
one-time programmable (at the factory) 8741A which can be ordered as the first 25 pieces of a new 8041A order. The 
substitution of 8641 A's for 8041 A's allows for very fast turnaround for initial code verification and evaluation results. 

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in- 
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A), 
single-step mode for debug (in the 8741 A), and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


TESTO, 
TEST1 


1 
39 


I 


Test Inputs: Input pins which can be 
directly tested using conditional 
branch instructions. 

Frequency Reference: TEST 1 (T^ 
also functions as the event timer input 
(under software control). TEST 
(T ) is used during PROM program- 
ming and verification in the 8741 A. 


XTAL1, 
XTAL2 


2 
3 


1 


Inputs: Inputs for a crystal, LC or an 
external timing signal to determine 
the internal oscillator frequency. 


RESET 


4 


1 


Reset: Input used to reset status flip- 
flops and to set the program counter 
to zero. 


RESET is also used during PROM pro- 
gramming and verification. 


SS 


5 


1 


Single Step: Single step input used 
in the 8741A in conjunction with the 
SYNC output to step the program 
through each instruction. 


CS 


6 


1 


Chip Select: Chip select input used 
to select one UPI-41 A microcomputer 
out of several connected to a common 
data bus. 


EA 


7 




External Access: External access 
input which allows emulation, testing 
and PROM/ROM verification. This 
pin should be tied low if unused. 


RD 


8 


1 


Read: I/O read input which enables 
the master CPU to read data and 
status words from the OUTPUT DATA 
BUS BUFFER or status register. 


A 


9 


1 


Command/Data Select: Address in- 
put used by the master processor to 
indicate whether byte transfer is data 
(A o =0) or command (A =1). 


WR 


10 




Write: I/O write input which enables 
the master CPU to write data and com- 
mand words to the UPI-41 A INPUT 
DATA BUS BUFFER. 



Symbol 


Pin 
No. 


Type 


Name and Function 


SYNC 


11 





Output Clock: Output signal which 
occurs once per UPI-41A instruction 
cycle. SYNC can be used as a strobe 
for external circuitry; it is also used to 
synchronize single step operation. 


D -D 7 
(BUS) 


12-19 


I/O 


Data Bus: Three-state, bidirectional 
DATA BUS BUFFER lines used to 
interface the UPI-41A microcomputer 
to an 8-bit master system data bus. 


PlO"Pl7 


27-34 


I/O 


Port 1: 8-bit, PORT 1 quasi-bidirec- 
tional I/O lines. 


P20-P27 


21-24 
35-38 


I/O 


Port 2: 8-bit, PORT 2 quasi-bidirec- 
tional I/O lines. The lower 4 bits (P 20 - 
P 23 ) interface directly to the 8243I/0 
expander device and contain address 
and data information during PORT 4-7 
access. The upper 4 bits (P24-P27) can 
be programmed to provide interrupt 
Request and DMA Handshake capa- 
bility. Software control can configure 
P 24 as Output Buffer Full (OBF) inter- 
rupt, P 25 as Input Buffer Full (IBF) 
interrupt, P 2 6 as DMA Request 
(DRQ), and P 27 as DMA ACKnowledge 
(DACK). 


PROG 


25 


I/O 


Program: Multifunction pin used as 
the program pulse input during 
PROM programming. 

During I/O expander access the PROG 
pin acts as an address/data strobe to 
the 8243. This pin should be tied high 
if unused. 


Vcc 


40 




Power: +5V main power supply pin. 


V DD 


26 




Power: +5V during normal opera- 
tion. +25V during programming 
operation. Low power standby pin in 
ROM version. 


Vss 


20 




Ground: Circuit ground potential. 
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UPI-41A™ FEATURES AND 
ENHANCEMENTS 



Two Data Bus Buffers, one for input and one for out- 
put. This allows a much cleaner Master/Slave pro- 
tocol. 



INTERNAL 
DATA BUS 



D0-D7 



INPUT 
DATA 
BUS 



X?= 



OUTPUT 
DATA 
BUS 

BUFFER 
(8) 



e 



p> 



If "EN FLAGS" has been executed, P 25 becomes the 
IBF (Input Buffer Full) pin. A "1" written to P 25 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P 25 disables the fBF 
pin (the pin remains low). This pin can be used to 
indicate that the UPI-41A is ready for data. 



-OBF (INTERRUPT REQUEST) 



► IBF (INTERRUPT REQUEST) 



DATA BUS BUFFER INTERRUPT CAPABILITY 




2. 8 Bits of Status 



ST 7 


ST 6 


ST 5 


ST 4 


Fl 


F0 


IBF 


OBF 



EN FLAGS Op Code: 0F5H 



°5 D 4 



°3 



D 



ST4-ST7 are user definable status bits. These bits are 
defined by the "MOV STS, A" single byte, single 
cycle instruction. Bits 4-7 of the accumulator are 
moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 

MOV STS, A Op Code: 90H 



10 



DO 



3. RD and WR are edge triggered. IBF, OBF, F 1 and INT 
change internally after the trailing edge of RD or WR. 



FLAGS AFFECTED 



\ 






0101 



D 



P 2 6 and P 27 are port pins or DMA handshake pins for 
use with a DMA controller. These pins default to port 
pins on Reset. 

If the "EN DMA" instruction has been executed, P 26 
becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P 26 causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACKRD, DACKWR, or execution 
of the "EN DMA" instruction. 

If "EN DMA" has been executed, P 27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 



4. P 2 4 and P 25 are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Reset. 

If the "EN FLAGS" instruction has been executed, 
P 24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P 24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P 24 disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI- 
41 A (in Output Data Bus Buffer). 




DMA HANDSHAKE CAPABILITY 



EN DMA Op Code: 0E5H 



1 


1 


1 








1 





1 



D 
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APPLICATIONS 
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Figure 3. 8085A-8041A Interface 



Figure 4. 8048-8041 A Interface 
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Figure 5. 8041A-8243 Keyboard Scanner 



Figure 6. 8041 A Matrix Printer Interface 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8741A EPROM 

Programming Verification 

In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 
tion of their functions: 



WARNING: 

An attempt to program a missocketed 8741 A will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the SYNC clock output. The lack of this clock may 
be used to disable the programmer. 

The Program/Verify sequence is: 



Pin 


Function 


XTAL 1 


Clock Input (1 to 6MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 




Data Output During Verify 


P20-1 


Address Input 


V D D 


Programming Power Supply 


PROG 


Program Pulse Input 



2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 



A Q = 0V, CS = 5V, EA = 5V, RESET = 0V, TESTO = 5V, 
V DD = ^ V ' clocl< applied or internal oscillator operating, 
BUS and PROG floating. 

Insert 8741 A in programming socket 

TEST = Ov (select program mode) 

EA = 23V (activate program mode) 

Address applied to BUS and P20-1 



RESET = 5v (latch address) 

Data applied to BUS 

V DD = 25v (programming power) 

PROG = Ov followed by one 50ms pulse to 23V 

V DD = 5v 

TEST = 5v (verify mode) 
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12. 
13. 
14. 
15. 



Read and verify data on BUS 
TEST = Ov 



RESET = Ov and repeat from step 5 

Programmer should be at conditions of step 1 when 
8741 A is removed from socket. 



proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741 A is to be exposed to these 
types of lighting conditions for extended periods of 
time, opaque labels are available from Intel which 
should be placed over the 8741 A window to prevent 
unintentional erasure. 



8741 A Erasure Characteristics 

The erasure characteristics of the 8741 A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8741A in approximately 3 years while it would take ap- 



The recommended erasure procedure for the 8741 A is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 A. The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm 2 . The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 /iW/cm 2 power rating. The 8741 A 
should be placed within one inch of the lamp tubes dur- 
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature - 65°C to + 150°C 

Voltage on Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V ss = 0V: 8041 A/8741 A, V cc = +5V ±10%) 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage (Except XTAL1 , XTAL2, RESET) 


-0.5 


0.8 


V 




V,L1 


Input Low Voltage (XTAL1 , XTAL2, RESET) 


-0.5 


0.6 


V 




V,H 


input High Voltage (Except XTAL1, XTAL2, RESET) 


2.2 


V CC 






V.H1 


Input High Voltage (XTAL1 , XTAL2, RESET) 


3.8 


Vcc 


V 




Vol 


Output Low Voltage (D -D 7 ) 




0.45 


V 


I O l=2.0 mA 


Vou 


Output Low Voltage (P10P17, P20P27. Sync) 




0.45 


V 


I l=1-6 mA 


V L2 


Output Low Voltage (Prog) 




0.45 


V 


I O l=1-0 mA 


V H 


Output High Voltage (D -D 7 ) 


2.4 




V 


| 0H = -400 /xA 


VoH1 


Output High Voltage (All Other Outputs) 


2.4 




V 


Ioh= -50 /jlA 


IlL 


Input Leakage Current (T , T 1( RD, WR, CS, A , EA) 




±10 


/LtA 


Vss * V, N ^ V cc 


oz 


Output Leakage Current (D -D 7 , High Z State) 




±10 


juA 


V ss + 0.45 ssVqut^Vcc 


Ili 


Low Input Load Current (P10P17, P20P27) 




0.5 


mA 


V| L = 0.8V 


Ilm 


Low Input Load Current (RESET, SS) 




0.2 


mA 


V, L = 0.8V 


Idd 


V DD Supply Current 




15 


mA 


Typical =5 mA 


•CC + ! DD 


Total Supply Current 




125 


mA 


Typical =60 mA 


llH 


Input High Leakage Current 




100 


/xA 


V,n=V C c 


C|N 


Input Capacitance 




10 


PF 




Ci/o 


I/O Capacitance 




20 


PF 





D-C. CHARACTERISTICS— PROGRAMMING (T A = 25°c ±5°c, v cc = 5V ±5%, v DD = 25V ±1V) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 




Veal 


EA Voltage Low Level 




5.25 


V 




Idd 


Vdd High Voltage Supply Current 




30.0 


mA 




Iprog 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA High Voltage Supply Current 




1.0 


mA 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C, V ss = OV: 8041 A/8741 a, V cc = V DD = +5V ±10%) 



DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A R 


CS, A Setup to RDI 







ns 




tRA 


CS, A Hold After RDt 







ns 




*RR 


RD Pulse Width 


250 




ns 




*ad 


CS, A to Data Out Delay 




225 


ns 


C L =150pF 


*RD 


RDi to Data Out Delay 




225 


ns 


C L =150pF 


t D F 


ftBt to Data Float Delay 




100 


ns 




*CY 


Cycle Time (Except 8741 A-8) 


2.5 


fc 


lis 


6.0MHzXTAL 


tcY 


Cycle Time (8741 A-8) 


4.17 


15 


ixs 


3.6 MHz XTAL 



DBB WRITE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


W 


CS, A Setup to WRi 







ns 




*WA 


CS, A Hold After WRt 







ns 




t WW 


WR Pulse Width 


250 




ns 




*DW 


Data Setup to WRI 


150 




ns 




twD 


Data Hold After WRt 







ns 





A.C. CHARACTERISTICS— PROGRAMMING (T A 


= 25°C ±5°C, V cc = « 


3V±5%, V DD = 25V±1V) 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET t 


4tcy 








tWA 


Address Hold Time After RESET t 


4tcy 








tDW 


Data in Setup Time to PROG t 


4tcy 








tWD 


Data in Hold Time After PROG i 


4tcy 








tPH 


RESET Hold Time to Verify 


4tcy 








tVDDW 


V DD Setup Time to PROG t 


4tcy 








tVDDH 


Vdd Hold Time After PROG i 











tpw 


Program Pulse Width 


50 


60 


mS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








tDO 


Test to Data Out Delay 




4tcy 






tww 


RESET Pulse Width to Latch Address 


4tcy 








tr, tf 


Vdd and PROG Rise and Fall Times 


0.5 


2.0 


M S 




tCY 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Time Before EA t. 


4tcy 









Note: If TEST is high, t DQ can be triggered by RESET t . 

A.C. CHARACTERISTICS— DMA 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DACK to WR or RD 







ns 




*CAC 


RDorWRtoDACJK 







ns 




UCD 


DACK to Data Valid 




225 


ns 


C L =150pF 


tcRQ 


RD or WR to DRQ Cleared 




200 


ns 
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A.C. CHARACTERISTICS— PORT 2 (t a = o°c to 70°C: 8041 a/8741 a, v cc = +5V ± 10%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling 
Edge of PROG 


110 




ns 


C L = 80 pF 


tpc 


Port Control Hold After Falling 
Edge of PROG 


100 




ns 


C L = 20 pF 


tPR 


PROG to Time P2 Input Must Be Valid 




810 


ns 


C L = 80 pF 


tPF 


Input Data Hold Time 





150 


ns 


C L = 20 pF 


tDP 


Output Data Setup Time 


250 




ns 


C L = 80 pF 


tPD 


Output Data Hold Time 


65 




ns 


C L = 20 pF 


tpp 


PROG Pulse Width 


1200 




ns 







TYPICAL 8041/8741 A CURRENT 




80 mA 






60 mA 











\ 


+ 40 mA 








20 mA 


I I I 


I 


20° 40° 60° 


80° 


TEMP (°C) 





CRYSTAL OSCILLATOR MODE 



DRIVING FROM EXTERNAL SOURCE 



2 


XTAL1 


I 

<15pF j 
(INCLUDES XTAL, ±: c 
SOCKET, STRAY) j 


1-6 mHz 

5 


I 


3 


XTAL2 


15-25 pF = 
(INCLUDES SOCKET, 

STRAY) - 




CRYSTAL SERIES RESISTANCE SHOULD BE 


<75Q AT 6 MHz; <180Q AT 3.6 MHz. 



-o 




BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO V C c ARE NEEDED TO ENSURE V )H = 3.8V 
IF TTL CIRCUITRY IS USED. 



LC OSCILLATOR MODE 



45 M H 20 pF 5.2 MHz 

120 kH 20 pF 3.2 MHz 



^WTc 7 

_,_ C + 3C P p 



C PP »5-10pF PIN-TO-PIN 
XTAL2 CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 
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WAVEFORMS 



READ OPERATION 


I— DATA BUS BUFFER REGISTER 






CS OR A V 




X 






(SYSTEM'S 
ADDRESS BUS) 

(READ CONTROL) 


t A R ► 




— 






V J 


RA — 


RT5 


\ 


} l 




\ 


'rd » 




«DF — •» 


V- 








DATA BUS S 




LID- 




(OUTPUT) " Sw 

















WRITE OPERATION— DATA BUS BUFFER REGISTER 



C5 0R A 



DC 



\ 



X 



r 



V - DATA VALID »- V 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 
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WAVEFORMS (Continued) 



COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 



J 



•* tww - 



\ / 



/ 



DB0-DB7 



\^ / ADDRESS \/ 
/ ^ <°-7)VAU D ^ 



ADDRESS V DATA TO BE 

(0-7) VALID A PROGRAMMED VALID 



p p LAST 

K20 ~ n ADDRESS 



X 



ADDRESS (8-9) VALID 



+5- 
+23- 



7 



^r^ 



X 



-tVDDH 

i tyvT- 



\ 



^ r 



•-1 



\_ — / \J DATA \ / NEXT ADDR \f 

/ > A valid r \ v* lid A 



NEXT 
ADDRESS 



/" 



"V 



VERIFY MODE (ROM/EPROM) 



^ 




/ \_ 




/ \ 






>-- 


"< 


ADDRESS \y DATA OUT \ 
(0-7) VALID A. VALID f 


--< 


NEXT \J NEXT DATA \^ 
ADDRESS A. OUT VALID /" ~" "~ ~~ " 




X 


ADDRESS (8-9) VALID 


X 


NEXT ADDRESS VALID 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (I.e., *23V), OR IF T0 = 5V FOR THE 8741 A. FOR THE 
8041A PROG MUST ALWAYS FLOAT. 

2. XTAL1 AND XTAL 2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 /*sec t CY . THIS IS ACCEPT- 
ABLE FOR 8741A-8 PARTS AS WELL AS STANDARD PARTS. 

3. AO MUST BE HELD LOW (l.e., = 0V) DURING PROGRAM/VERIFY MODES. 



The 8741A EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP-848 
Personality Card. 
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WAVEFORMS (Continued) 



WAVEFORMS— DMA 



J 



X/ 



)G^DC 



V 



\ / 



> i 



x^x 



X 



PORT 2 TIMING 


















SYNC / 

EXPANDER 
PORT 


\ 


/ 


\ 


/ 




- 'DP ► 


tPD 


c 


OUTPUT V 

EXPANDER 
PORT 




PORT 2 -3 DATA 


>< 


PORT CONTROL V OUTPUT DATA 




|_ 






«PF 




,NPUT 2X - 




PORT 2 -3 DATA 


* 


PORT CONTROL 


< > 


L INPUT " 
. DATA , 




r 

- — >CP — - 


— »PC— 


tpp 








PROG 








H 7 


Y 
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Table 2. UPI™ Instruction Set 



Mnemonic 


Description 


Bytes 


Cycles 


ACCUMULATOR 


ADD A, Rr 


Add register to A 


1 


1 


ADD A, @Rr 


Add data memory 
to A 


1 


1 


ADD A, #data 


Add immediate to A 


2 


2 


ADDC A, Rr 


Add register to A 
with carry 


1 


1 


ADDC A, @Rr 


Add data memory 
to A with carry 


1 


1 


ADDC A, #data 


Add immediate 
to A with carry 


2 


2 


ANL A, Rr 


AND register to A 


1 


1 


ANLA, @Rr 


AND data memory 
to A 


1 


1 


ANL A, #data 


AND immediate to A 


2 


2 


ORLA, Rr 


OR register to A 


1 


1 


ORLA, @Rr 


OR data memory 
to A 


1 


1 


ORL A, #data 


OR immediate to A 


2 


2 


XRLA, Rr 


Exclusive OR regis- 
ter to A 


1 


1 


XRLA, @Rr 


Exclusive OR data 
memory to A 


1 


1 


XRL A, #data 


Exclusive OR imme- 
diate to A 


2 


2 


INC A 


Increment A 


1 


1 


DEC A 


Decrement A 


1 


1 


CLRA 


Clear A 


1 


1 


CPLA 


Complement A 


1 


1 


DA A 


Decimal Adjust A 


1 


1 


SWAP A 


Swap nibbles of A 


1 


1 


RLA 


Rotate A left 


1 


1 


RLCA 


Rotate A left through 
carry 


1 


1 


RRA 


Rotate A right 


1 


1 


RRCA 


Rotate A right 
through carry 


1 


1 


INPUT/OUTPUT 


IN A, Pp 


Input port toA 


1 


2 


OUTL Pp, A 


Output A to port 


1 


2 


ANL Pp, #data 


AND immediate to 
port 


2 


2 


ORL Pp, #data 


OR immediate to 
port 


2 


2 


IN A, DBB 


Input DBB to A, 
clear IBF 


1 


1 


OUTDBB,A 


Output A to DBB, 
set OBF 


1 


1 


MOV STS, A 


A4-A7 to Bits 4-7 of 
Status 


1 


1 


MOVD A, Pp 


Input Expander 
port to A 


1 


2 


MOVD Pp, A 


Output A to 
Expander port 


1 


2 


ANLD Pp, A 


AND A to Expander 
port 


1 


2 


ORLD Pp, A 


OR A to Expander 
port 


1 


2 



Mnemonic | Description | Bytes | Cycles 


DATA MOVES 


MOV A, Rr 
MOV A, @Rr 

MOV A, #data 

MOV Rr, A 
MOV @Rr, A 

MOVRr,#data 

MOV @Rr, 
#data 

MOV A, PSW 
MOV PSW, A 
XCH A, Rr 

XCH A, @Rr 

XCHDA, @Rr 

MOVP A, @A 

MOVP3, A, @A 


Move register to A 
Move data memory 

to A 
Move immediate 

TOA 

Move A to register 
Move A to data 

memory 
Move immediate to 

register 
Move immediate to 

data memory 
Move PSW to A 
Move A to PSW 
Exchange A and 

register 
Exchange A and 

data memory 
Exchange digit of A 

and register 
Move to A from 

current page 
Move to A from 

page 3 


1 
1 

2 

1 
1 

2 

2 


1 
1 

2 

1 
1 

2 

2 

1 
1 
1 

1 

1 

2 

2 


TIMER/COUNTER 


MOV A, T 
MOV T, A 
STRTT 
STRT CNT 
STOP TCNT 
EN TCNTI 

DIS TCNTI 


Read Timer/Counter 
Load Timer/Counter 
Start Timer 
start Counter 
Stop Timer/Counter 
Enable Timer/ 

Counter Interrupt 
Disable Timer/ 

Counter Interrupt 




1 
1 
1 
1 
1 
1 

1 


CONTROL 


EN DMA 

EN I 
DIS I 

EN FLAGS 

SEL RBO 

SEL RB1 

NOP 


Enable DMA Hand- 
shake Lines 

Enable IBF Interrupt 

Disable IBF Inter- 
rupt 

Enable Master 
Interrupts 

Select register 
bankO 

Select register 
bank 1 

No Operation 




1 

1 
1 

1 

1 
1 
1 


REGISTERS 


INCRr 
INC@Rr 

DECRr 


Increment register 
Increment data 

memory 
Decrement register 




1 
1 

1 


SUBROUTINE 


CALL addr 

RET 

RETR 


Jump to subroutine 
Return 

Return and restore 
status 


2 


2 
2 
2 
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Table 2. UPI™ Instruction Set (Continued) 



Mnemonic 


Description 


Bytes 


Cycles 


FLAGS 


CLRC 


Clear Carry 






CPLC 


Complement Carry 






CLRFO 


Clear Flag 






CPLFO 


Complement Flag 






CLRF1 


Clear F1 Flag 






CPLF1 


Complement F1 Flag 






BRANCH 


JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJNZ Rr, addr 


Decrement register 
and jump 


2 


2 


JC addr 


Jump on Carry=1 


2 


2 


JNC addr 


Jump on Carry=0 


2 


2 


JZ addr 


Jump on A Zero 


2 


2 


JNZ addr 


Jump on A not Zero 


2 


2 


JTO addr 


JumponT0=1 


2 


2 


JNTO addr 


Jump on T0=0 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump onT1=0 


2 


2 


JFO addr 


Jump on F0 Flag=1 


2 


2 


JF1 addr 


Jump on F1 Flag=1 


2 


2 


JTF addr 


Jump on Timer Flag 
= 1, Clear Flag 


2 


2 


JNIBFaddr 


Jump on IBF Flag 

=0 
Jump on OBF Flag 
=1 
Jump on Accumula- 


2 


2 


JOBF addr 


2 


2 


JBb addr 


2 


2 




tor Bit 
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■ Provides All Signals Necessary to Control 
2 104 A, 2117, or 2118 Dynamic Memories 

■ Directly Addresses and Drives Up to 128K 
Bytes Without External Drivers 

■ Provides Address Multiplexing and 
Strobes 

■ Provides a Refresh Timer and a Refresh 
Counter 

■ Refresh Cycles May be Internally or Exter- 
nally Requested 



8202 A 
DYNAMIC RAM CONTROLLER 

■ Provides Transparent Refresh Capability 



■ Fully Compatible with Intel® 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro- 
processors 

■ Decodes CPU Status for Advanced Read 
Capability 

■ Provides System Acknowledge and Trans- 
fer Acknowledge Signals 

■ External Clock Capability 



The !nte!® 8202 A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2 104 A, 21 17, or 
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address strobes, as well 
as refresh /access arbitration. Refresh cycles can be started internally or externally. 



ALq-AL 6 S 



_> OUTo-OUT 6 



► RASo 
- RASi 

► RAS2 



AH 4 \2 


1 V 


40 


IJvcc 


AH 3 C 


2 


39 


I]AH5 


AH 2 C 


3 


38 


Z]ah 6 


AH1 C 


4 


37 


2] CLK 


AHo C 


5 


36 


I]OP2 


ALO C 


6 


35 


^N.C. 


oDTo C 


7 


34 


2\ REFRQ/ALE 


AM C 


8 


33 


I] PCS 


OUT1 C 


9 


32 


2} RD/S1 


AL 2 C 


10 8202A 31 


2] wr 


OUT2 C 


11 


30 


I] SACK 


AL 3 \Z 


12 


29 


22 XACK 


OOT3 \2 


13 


28 


I] WE 


AL 4 {2 


14 


27 


^CAS 


OUT4 c 


15 


26 


22 RAS3 


ALsC 


16 


25 


22 B1/0P1 


outs c 


17 


24 


22 bo 


S/0P3 \Z 


18 


23 


IJRAS2 


6Df 6 C 


19 


22 


I]RAS1 


GND [2 


20 


21 


I] RASo 



Figure 1. 8202A Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


AL 

ALi 

AL 2 

AL 3 

AL 4 

AL 5 

AL 6 / 

OP 3 


6 

8 

10 

12 

14 

16 

18 




Address Low: CPU address in- 
puts used to generate memory 
row address. 

AL6/OP3 used to select 4K 
RAM mode. 


AH 
AH) 
AH 2 
AH3 
AH 4 
AH5 
AH 6 


5 

4 

3 

2 

1 

39 

38 




Address High: CPU address in- 
puts used to generate memory 
column address. 


BO 
Bi/OP! 


24 
25 


1 
1 


Bank Select Inputs: Used to 
gate the appropriate RASq- 
RAS3 output for a memory cy- 
cle. B1/OP1 option used to se- 
lect the Advanced Read Mode. 


PCI 


33 


I 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 


WR 


31 


I 


Memory Write Request. 


RD/S1 


32 


i 


Memory Read Request: S1 

function used in Advanced Read 
mode selected by OP^ (pin 25). 


REFRQ/ 
ALE 


34 


1 


External Refresh Request: ALE 

function used in Advanced Read 
mode, selected by OP-| (pin 25). 


ODTq 
OUT 1 
OUT 2 
OUT3 
OUT4 
OUT5 
OUT 6 


7 

9 

11 

13 

15 

17 

19 











Output of the Multiplexer: 

These outputs are designed to 
drive the addresses of the Dy- 
namic RAM array. For 4K RAM 
operation, OUTg is designed to 
drive the 2104A CS input. (Note 
that the OUTfj-6 P in s do not re- 
quire inverters or drivers for 
proper operation. 


WE 


28 





Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 


CAS 


27 





Column Address Strobe: This 
output is used to latch the Col- 
umn Address into the Dynamic 
RAM array. 



Symbol 


Pin 
No. 


Type 


Name and Function 


RASfj 
RASi 
RAS 2 
RAS3 


21 
22 

23 
26 








Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8202A Bank Select 
pins (Bo, B1/OP1). 




29 





Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


XACK 




30 





System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 


SACK 


refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


OP 2 
CLK 


36 
37 


I 
I 


Clock Inputs: These inputs are 
used to control the frequency of 
the 8202A. CLK is a TTL input 
for an external clock and OP 2 
must be strapped to +12V. 


N.C. 


35 




Reserved for future use. 


vcc 


40 




Power Supply: +5V. 


GND 


20 




Ground. 



JT_TL- 



-*► WE 
-+■ CAS 



-+* RAS1 
-^ RAS 2 



-*► RAS3 
-»► XACK 
-+■ SACK 



Figure 3. External Clock Operation 

Functional Description 

The 8202A provides a complete dynamic RAM controller 
for microprocessor systems as well as expansion memory 
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boards. All of the necessary control signals are provided 
for 2104A, 2117, and 2118 dynamic RAM's. 

All 8202A timing is generated from a single reference 
clock. This clock is provided via an external oscillator. All 
output signal transitions are synchronous with respect to 
this clock reference, except for the CPU handshake sig- 
nals SACK and XACK (trailing edge). 

CPU memory requests normally use the RD and WR in- 
puts. The advanced READ mode allows ALE and S1 to be 
used in place of the RD input. 

Failsafe refresh is provided via an internal refresh timer 
which generates internal refresh requests. Refresh re- 
quests can also be generated via the REFRQ input. 

An on-chip synchronizer /arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8202A clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 

Option Selection # 

The 8202A has two hardware strapping options which can 
be selected by connecting the appropriate pin to a 12 volt 
power source through a current-limiting resistor. See "DC 
Characteristics" for more detail. 

When OPi is selected, pin 32 changes from a RD input to 
an S1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See "Refresh Cycles" and "Read Cycles" 
for more detail. 



Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appr opria te time . The addr ess outputs, in 
conjunction with the RAS0-RAS3 and CAS outputs, deter- 
mine the address used by the dynamic RAMs for read, 
write, and refresh cycles. During the fi rst pa rt of a read or 
write cycle, AL0-AL6 are gated to OUTrj-OUT6, then 
AH0-AH6 are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the ad dress outputs . All r e fresh cycles are RAS-only re- 
fresh (CAS inactive, RAS0-RAS3 active). 

To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

OUTrj-OUT6 do not need inverters or buffers unless addi- 
tional drive is required beyond the 32 chip load. 

Synchronizer /Arbiter 

The 8202 A has two inputs, RD (pin 32) and WR (pin 31), 
which allow an external CPU to request a memory read or 
write cycle, respectively. An additional input, REFRQ/ ALE 
(pin 34), allows refresh requests to be requested external 
tothe8202A. 

All three of these inputs may be asynchronous with re- 
spect to the 8202A's clock. The arbiter will resolve con- 
flicts between refresh and memory requests, for both 
pending cycles and cycles in progress. Read and write re- 
quests will be given priority over refresh requests. 

System Operation 

The 8202A is always in one of the following states: 



When OP3 is selected, the 8202 A will change its internal 
refresh timer from 128-row refresh (2117, 2118) to 
64-row refresh (2104A). 

Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh tim- 
er. 

Refresh Counter 

The refresh counter is used to sequentially refresh all of 
the memory's rows. The counter is incremented after ev- 
ery refresh cycle. 



a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 

d) READ Cycle 

e) WRITE Cycle 

The 8202A is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8202A will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 

Test Cycle 

The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are req ueste d by 
activating the RD and WR inputs, independent of PCS. The 



Description 


Pin # 


Normal Function 


+12 Volt Function 


B1/OP1 

AL6/OP3 


25 
18 


Bank (RAS) Select 
Address Input 


Advanced-Read Mode 
64-ROW Refresh 



Figure 4. 8202A Option Selection 
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TEST Cycle will reset the refresh address counter and per- 
form a WRITE Cycle. The TEST Cycle should not be used 
in normal system operation, since it would affect the dy- 
namic RAM refresh. 

Refresh Cycles 

The 8202A has two ways of providing dynamic RAM re- 
fresh: 

1) Internal (failsafe) refresh 

2) External (hidden) refresh 

Both types of 8202 A refr e sh cyc les ac tivate a ll of the RAS 
outputs, while CAS, WE, SACK, and XACK remain inac- 
tive. 

Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
all rows of the dynamic RAM occurs every 2 milliseconds. 
If REFRQ is inactive, the refresh timer will request a re- 
fresh cycle every 10-16 microseconds. 

External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202A clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A is not in the middle of a cycle. 

If a memory request and a refresh request reach the arbi- 
ter at the same time, the 8202 A will honor the refresh re- 
quest first. However, the external refresh synchronization 
takes longer than the memory request synchronization, 
so, relative to the 8202A input signals, a simultaneous 
memory request and external refresh request will result in 
the memory request being honored first. This 8202A char- 
acteristic can be used to "hide" refresh cycles during sys- 
tem operation. A circuit similar to Figure 5 can be used to 
decode the CPU's instruction fetch status to generate an 
external refresh request. The refresh request is latched 
while the 8202 A performs the instruction fetch; the refresh 
cycle will start immediately after the memory cycle is com- 
pleted, even if the RD input has not gone inactive. If the 
CPU's instruction decode time is long enough, the 8202A 
can complete the refresh cycle before the next memory 
request is generated. 

After each refresh cycle, the 8202A increments the re- 
fresh counter, reloads the refresh timer, and clears the 
external refresh latch. If the external refresh request is 
held active, the latch will be set again, and another refresh 
cycle will be generated. However, if a memory request is 
pending, it will be honored before the second refresh re- 
quest. This feature prevents refresh from locking out mem- 
ory request. 
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Figure 5. Hidden Refresh 

Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF). then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 

Read Cycles 

The 8202A can accept two different types of memory 
Read requests: 

1) Normal Read, via the RD input x 

2) Advanced Read, using the S1 and ALE inputs 

The user can select the desired Read request configura- 
tion via the B1 /OP1 hardware strapping option on pin 25. 





Normal Read 


Advanced Read 


Pin 25 


B1 input 


+ 12 Volt Option 


Pin 32 


RD input 


S1 input 


Pin 34 


REFRQ input 


ALE input 


# RAM banks 


4 (RAS o-3) 


2 (RAS 2-3) 


Ext. Refresh 


Yes 


No 



Figure 6. 8202A Read Options 



Normal Reads are requested by activating the RD input, 
and keeping it active until the 8202A responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tCHS) ls met - 

Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8202A will set the internal delayed- 
SACK latch. When the Read cycle is eventually s tarted, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU's READY 
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setup and hold times. The delayed-SACK latch is cleared 
after every READ cycle. 



Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU c an 
tolerat e the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 

Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Write cycles are 
"early-write" cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 

General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests, 
and should also pullup WR to keep the 8202A out of its 
test mode. 



In order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provi de ad equa te ad dress setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The 8202 A tAD AC parameter should be used for 
this system calculation. 

The B0-B1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
durin g a memory cycle, since they directly control which 
RAS output is activated. 

The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8202 A 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 



A microprocessor system is concerned with the time data 
is valid after RD goes low. See Figure 7. In order to calcu- 
late memory read access times, the dynamic RAM's A.C. 
specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and tne CAS-access time (tCAC)- Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable t C c,max (8202A) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 

Since the 8202A normally performs "early-write" cycles, 
the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 

Delaying the WR input will delay all 8202A timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 

If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 
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Figure 7. Read Access Time 
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Figure 8. Typical 8088 System 
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8231 A 
ARITHMETIC PROCESSING UNIT 



Fixed Point Single and Double 

Precision (16/32 Bit) 

Floating Point Single Precision 

(32 Bit) 

Binary Data Formats 

Add, Subtract, Multiply and Divide 

Trigonometric and Inverse 

Trigonometric Functions 

Square Roots, Logarithms, 

Exponentiation 

Float to Fixed and Fixed to Float 

Conversions 

Stack Oriented Operand Storage 



Compatible with MCS-80™ and 
MCS-85™ Microprocessor Families 

Direct Memory Access or 
Programmed I/O Data Transfers 

End of Execution Signal 

General Purpose 8-Bit Data Bus 
Interface 

Standard 24 Pin Package 

+ 12 Volt and + 5 Volt Power 
Supplies 

Advanced N-Channel Silicon Gate 
HMOS Technology 



The Intel® 8231 A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high performance fixed 
and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the mathematical 
capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation of the 
APU algorithms. 

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack. 
Results are then available to be retrieved from the stack. 

Transfers to and from the APU may be handled by the associated processor using conventional programmed I/O, or may be 
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU 
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution. 

In January 1981 Intel will be converting from 8231 to 8231 A. The 8231 A provides enhancements over the 8231 to allow use 
in both asynchronous and synchronous systems. 




Vss C 
Vcc C 

EACK C 

SVACK C 

SVREQ C 

IOTUSE I C 
IE LOW) ( [- 

DBO L 
DB1 C 
DB2 C 
DB3 E 
DB4 C 



3 EnB 

3 CLK 
3 RESET 
3 Ao 
3 RD 
3 WR 

Hcs 

3 READY 
3 V DD 
3 DB7 
3 DB6 
3 DB5 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


2 




Power: +5 Volt power supply. 


Vdd 


16 




Power: +12 Volt power supply. 


Vss 


1 




Ground. 


CLK 


23 


I 


Clock: An external, TTL compatible, 
timing source is applied to the CLK pin. 


RESET 


22 




Reset: The active high reset signal pro- 
vides initialization for the chip. RESET 
also terminates any operation in pro- 
gress. RESET clears the status register 
and places the 8231 A into the idle state. 
Stack contents and command registers 
are not affected (5 clock cycles). 


CS 


18 


I 


Chip Select: CS is an active low input 
signal which selects the 8231A and en- 
ables communication with the data bus. 


A 




21 


I 


Address: In conjunction with the RD 
and WR signals, the A control line es- 
tablishes the type of communication 
that is to be performed with the 8231 A as 
shown below: 




Ac 


RD 


WR 


Function 







1 
1 


1 


1 





1 


1 


Enter data byte into stack 
Read data byte from stack 
Enter command 
Read status 








RD 


20 


I 


Read: This active low input indicates 
that data or status is to be read from the 
8231 A if CS is low. 


WR 


19 


1 


Write: This active low input indicates 
that data or a command is to be written 
into the 8231 A if CS is low. 


EACK 


3 


1 


End of Execution: This active low input 
clears the end of execution output sig- 
nal (END). If EACK is tied low, the END 
output will be a pulse that is one clock 
period wide. 


SVACK 


4 


1 


Service Request: This active low input 
clears the service request output 
(SVREQ). 


END 


24 





End: This active low, open-drain output 
indicates that execution of the pre- 
viously entered command is complete. It 
can be used as an interrupt request and 
is cleared by EACK, RESET or any read 
or write access to the 8231 . 



Symbol 


Pin 
No. 


Type 


Name and Function 


SVREQ 


5 





Service Request: This active high out- 
put signal indicates that command 
execution is complete and that post 
execution service was requested in the 
previous command byte. It is cleared by 
SVACK, the next command output to the 
device, or by RESET. 


READY 


17 





Ready: This active high output indi- 
cates that the 8231 A is able to accept 
communication with the data bus. When 
an attempt is made to read data, write 
data or to enter a new command while 
the 8231A is executing a command, 
READY goes low until execution of the 
current command is complete (See 
READY Operation, p. 5). 


DB0- 
DB7 


8- 
15 


I/O 


Data Bus: These eight bidirectional 
lines provide for transfer of commands, 
status and data between the 8231 A and 
the CPU. The ; 8231 A can drive the data 
bus only when CS and RD are low. 



COMMAND STRUCTURE 

Each command entered into the 8231 A consists of a single 
8-bit byte having the format illustrated below: 



SVREQ 
(R) 


OPERATION 


" CODE * 
SINGLE FIXED 

III I I I 



Bits 0-4 select the operation to be performed as shown 
in the table. Bits 5-6 select the data format appropriate 
to the selected operation. If bit 5 is a 1 , a fixed point data 
format is specified. If bit 5 is a 0, floating point format is 
specified. Bit 6 selects the precision of the data to be 
operated upon by fixed point commands only (if bit 
5 = 0, bit 6 must be 0). If bit 6 is a 1, single-precision 
(16-bit) operands are assumed. If bit 6 is a 0, double- 
precision (32-bit) operands are indicated. Results are 
undefined for all illegal combinations of bits in the com- 
mand byte. Bit 7 indicates whether a service request is 
to be issued after the command is executed. If bit 7 is a 
1, the service request output (SVREQ) will go high at the 
conclusion of the command and will remain high until 
reset by a low level on the service acknowledge pin 
(SVACK) or until completion of execution of the suc- 
ceeding command where service request (bit 7) is 0. 
Each command issued to the 8231 A requests post execu- 
tion service based upon the state of bit 7 in the command 
byte. When bit 7 is a 0, SVREQ remains low. 
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Table 2. 32-Bit Floating Point Instructions 


Instruction 


Description 


Hex' 1 ) 
Code 


Stack Contents^ 

After Execution 

A B C D 


Status Flags' 4 ) 
Affected 


ACOS 


Inverse Cosine of A 


6 


R U U U 


S,Z, E 


ASIN 


Inverse Sine of A 


5 


R U U U 


S,Z, E 


ATAN 


Inverse Tangent of A 


7 


R B U U 


s, z 


CHSF 


Sign Change of A 


1 5 


R B C D 


s, z 


COS 


Cosine of A (radians) 


3 


R B U U 


s, z 


EXP 


e A Function 


A 


R B U U 


S,Z, E 


FADD 


Add A and B 


1 


R C D U 


S,Z,E 


FDIV 


Divide B by A 


1 3 


R C D U 


S, Z, E 


FLTD 


32-Bit Integer to Floating Point Conversion 


1 C 


R B C U 


s,z 


FLTS 


16-Bit Integer to Floating Point Conversion 


1 D 


R B C U 


s, z 


FMUL 


Multiply A and B 


1 2 


R C D U 


S, Z, E 


FSUB 


Subtract A from B 


1 1 


R C D U 


S, Z,E 


LOG 


Common Logarithm (base 10) of A 


8 


R B U U 


S, Z,E 


LN 


Natural Logarithm of A 


9 


R B U U 


S.Z.E 


POPF 


Stack Pop 


1 8 


B C D A 


s, z 


PTOF 


Stack Push 


1 7 


A A B C 


S, Z 


PUPI 


Push n onto Stack 


1 A 


R A B C 


s,z 


PWR 


B A Power Function 


B 


R C U U 


S,Z, E 


SIN 


Sine of A (radians) 


2 


R B U U 


S, Z 


SORT 


Square Root of A 


1 


R B C U 


S,Z, E 


TAN 


Tangent of A (radians) 


4 


R B U U 


S, Z,E 


XCHF 


Exchange A and B 


1 9 


B A C D 


s,z 


Table 3. 32-Bit Integer Instructions 


Instruction 


Description 


Hex< 1 > 
Code 


Stack Contents' 2 ) 

After Execution 

A B C D 


Status Flags' 4 ) 
Affected 


CHSD 


Sign Change of A 


3 4 


R B C D 


s, z, o 


DADD 


Add A and B 


2 C 


R C D A 


S, Z, C, E 


DDIV 


Divide B by A 


2 F 


R C D U 


S,Z,E 


DMUL 


Multiply A and B (R= lower 32-bits) 


2 E 


R C D U 


s, z, o 


DMUU 


Multiply A and B (R = upper 32-bits) 


3 6 


R C D U 


S, z, o 


DSUB 


Subtract A from B 


2 D 


R C D A 


s, Z, C, 


FIXD 


Floating Point to Integer Conversion 


1 E 


R B C U 


S,Z, 


POPD 


Stack Pop 


3 8 


B C D A 


s,z 


PTOD 


Stack Push 


3 7 


A A B C 


s, z 


XCHD 


Exchange A and B 


3 9 


B A C D 


s,z 


Table 4. 16-Bit Integer Instructions 


Instruction 


Description 


Hex< 1 > 
Code 


Stack Contents' 3 ) 

After Execution 

Au A L B y B L Cu C L Dy D L 


Status Flags' 4 ) 
Affected 


CHSS 


Change Sign of Ay 


7 4 


R A L By B L Cu C L Dy D L 


s,z,o 


FIXS 


Floating Point to Integer Conversion 


1 F 


R By B L C y C L U U U 


s,z,o 


POPS 


Stack Pop 


7 8 


A L Bu B L Cu C L D y D L Au 


s, z 


PTOS 


Stack Push 


7 7 


Au Au A L Bu B L C y C L Du 


s,z 


SADD 


Add Ay and A L 


6 C 


R Bu B L Cu C L Du D L Au 


S, Z, C, E 


SDIV 


Divide A L by A y 


6 F 


R Bu B L Cu C L Du D L U 


S, Z, E 


SMUL 


Multiply A L by Ay (R= lower 16-bits) 


6 E 


R Bu B L Cu C L Du D L U 


S,Z, E 


SMUU 


Multiply A L by Ay (R= upper 16-bits) 


7 6 


R Bu B L Cu C L Du D L U 


S,Z,E 


SSUB 


Subtract Ay from A L 


6 D 


R Bu B L Cu C L D y D L Au 


S, Z, C, E 


XCHS 


Exchange Ay and A L 


7 9 


A L Au Bu B L Cu C L Du D L 


s,z 


NOP 


No Operation 





A U A L Bu B L Cu C L Du D L 





Notes: 1. In the hex code column, SVREQ is a 0. 

2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon 
completion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B, C, or D). 

3. The stack initially is composed of eight 16-bit numbers (Au, A L , Bu, B L , Cu, C L , Du, D L ). Ay is the TOS and A L is NOS. Upon completion of a 
command the stack is composed of: the result (R); undefined (U); or the initial contents (A U( A L , Bu, B L , . . .)• 

4. Nomenclature: Sign (S); Zero (Z); Overflow (O); Carry (C); Error Code Field (E). 
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DATA FORMATS 

The 8231A arithmetic processing unit handles operands 
in both fixed point and floating point formats. Fixed 
point operands may be represented in either single 
(16-bit operands) or double precision (32-bit operands), 
and are always represented as binary, two's comple- 
ment values. 

SINGLE PRECISION FIXED POINT FORMAT 



II 



DOUBLE PRECISION FIXED POINT FORMAT 



II 



The sign (positive or negative) of the operand is located 
in the most significant bit (MSB). Positive values are 
represented by a sign bit of zero (S = 0). Negative values 
are represented by the two's complement of the corre- 
sponding positive value with a sign bit equal to 1 (S = 1), 
The range of values that may be accommodated by each 
of these formats is - 32,768 to + 32,767 for single preci- 
sion and -2,147,483,648 to +2,147,483,647 for double 
precision. 

Floating point binary values are represented in a format 
that permits arithmetic to be performed in a fashion 
analogous to operations with decimal values expressed 
in scientific notation. 

(5.83 X 10 2 ) (8.16 x 10 1 ) = (4.75728 x 10 4 ) 

In the decimal system, data may be expressed as values 
between and 10 times 10 raised to a power that effec- 
tively shifts the implied decimal point right or left the 
number of places necessary to express the result in con- 
ventional form (e.g., 47,572.8). The value-portion of the 
data is called the mantissa. The exponent may be either 
negative or positive. 

The concept of floating point notation has both a gain 
and a loss associated with it. The gain is the ability to 
represent the significant digits of data with values span- 
ning a large dynamic range limited only by the capacity 
of the exponent field. For example, in decimal notation 
if the exponent field is two digits wide, and the mantissa 
is five digits, a range of values (positive or negative) 
from 1.0000x10"" to 9.9999 x 10 + " can be accom- 
modated. The loss is that only the significant digits of 
the value can be represented. Thus there is no distinc- 
tion in this representation between the values 123451 
and 123452, for example, since each would be ex- 
pressed as: 1.2345x10 5 . The sixth digit has been 
discarded. In most applications where the dynamic 
range of values to be represented is large, the loss of 
significance, and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point format 
could be chosen, although with a loss of potential 
dynamic range. 



The 8231 A is a binary arithmetic processor and requires 
that floating point data be represented by a fractional 
mantissa value between .5 and 1 multiplied by 2 raised 
to an appropriate power. This is expressed as follows: 

value = mantissa X 2 exponent 

For example, the value 100.5 expressed in this form is 
0.1100 1001 x2 7 . The decimal equivalent of this value 
may be computed by summing the components (powers 
of two) of the mantissa and then multiplying by the ex- 
ponent as shown below: 

value = (2- 1 + 2" 2 +2- 5 +2- 8 )x2 7 

= 0.5 + 0.25 + 0.031 25 + 0.00290625) x 1 28 
= 0.78515625x128 
= 100.5 

FLOATING POINT FORMAT 

The format for floating point values in the 8231 A is given 
below. The mantissa is expressed as a 24-bit (fractional) 
value; the exponent is expressed as a two's complement 
7-bit value having a range of -64 to +63. The most 
significant bit is the sign of the mantissa (0= positive, 
1 = negative), for a total of 32 bits. The binary point is 
assumed to be to the left of the most significant man- 
tissa bit (bit 23). AN floating point data values must be 
normalized. Bit 23 must be equal to 1, except for the 
value zero, which is represented by all zeros. 



MM 



The range of values that can be represented in this for- 
mat is ±(2.7x10 _20 to9.2x10 18 ) and zero. 

FUNCTIONAL DESCRIPTION 



STACK CONTROL 

The user interface to the 8231A includes access to an 8 
level 16-bit wide data stack. Since single precision fixed 
point operands are 16-bits in length, eight such values 
may be maintained in the stack. When using double 
precision fixed point or floating point formats four 
values may be stored. The stack in these two configura- 
tions can be visualized as shown below: 



TOS 
NOS 



A2 , A1 


B2 , B1 















TOS 
NOS - 



A4 , 


A3 


A2 


A1 


B4 , 


B3 


B2 


B1 









Data are written onto the stack, eight bits at a time, in 
the order shown (A1 , A2, A3, . . .). Data are removed from 
the stack in reverse byte order (A4, A3, A2 . . .). Data 
should be entered onto the stack in multiples of the 
number of bytes appropriate to the chosen data format. 
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DATA ENTRY 

Data entry is accomplished by bringing the chip select 
(CS), the command/data line (A ), and WR low, as shown 
in the timing diagram. The entry of each new data word 
"pushes down" the previously entered data and places 
the new byte on the top of stack (TOS). Data on the bot- 
tom of the stack prior to a stack entry are lost. 

DATA REMOVAL 

Data are removed from the stack in the 8231 A by bringing 
chip select (CS), command/data (A ), and RD low as 
shown in the timing diagram. The removal of each data 
word redefines TOS so that the next successive byte to 
be removed becomes TOS. Data removed from the stack 
rotates to the bottom of the stack. 



4. The 8231 A is not busy, and a data entry has been re- 
quested. READY will be pulled low for the length of 
time required to ascertain if the preceding data byte, 
if any, has been written to the stack. If so READY will 
immediately go high. If not, READY will remain low 
until the interface latch is free and will then go high. 

5. When a status read has been requested, READY will 
be pulled low for the length of time necessary to 
transfer the status to the interface latch, and will 
then be raised to permit completion of the status 
read. Status may be read whether or not the 8231 A is 
busy. 

When READY goes low, the APU expects the bus con- 
trol signals present at the time to remain stable until 
READY goes high. 



COMMAND ENTRY 

After the appropriate number of bytes of data have been 
entered onto the stack, a command may be issued to 
perform an operation on that data. Commands which re- 
quire two operands for execution (e.g., add) operate on 
the TOS and NOS values. Single operand commands 
operate only on the TOS. 

Commands are issued to the 8231A by bringing the chip 
sele ct (CS) line low, command data (A ) line high, and 
WR line low as indicated by the timing diagram. After a 
command is issued, the CPU can continue execution of 
its program concurrently with the 8231A command 
execution. 

COMMAND COMPLETION 

The 8231 A signals the completion of each comman d exe - 
cution by lowering the End Execution line (END). 
Simultaneously, the busy bit in the status register is 
cleared and the Service Request bit of the command 
register is checked. If it is a "1" t he service request out- 
put level (SVREQ) is raised. END is clea red on receipt of 
an active low End Acknowledge (EACK) pulse. Similarly, 
the service request line is cleare d by rec ognition of an 
active low Service Acknowledge (SVACK) pulse. 

READY OPERATION 

An active high ready (READY) is provided. This line is 
high in its quiescent state and is pulled low by the 8231 A 
under the following conditions: 

1. A previously initiated operation is in progress (device 
busy) and Command Entry has been attempted. In 
this case, the READY line will be pulled low and re- 
main low until completion of the current command 
execution. It will then go high, permitting entry of the 
new command. 

2. A previously initiated operation is in progress and 
stack access has been attempted. In this case, the 
READY line will be pulled low, will remain in that 
state until execution is complete, and will then be 
raised to permit completion of the stack access. 

3. The 8231 A is not busy, and data removal has been re- 
quested. READY will be pulled low for the length of 
time necessary to transfer the byte from the top of 
stack to the interface latch, and will then go high, 
indicating availability of the data. 



DEVICE STATUS 

Device status is provided by means of an internal status 
register whose format is shown below: 



BUSY SIGN ZERO 

I I 




CARRY 


I I I 



BUSY: Indicates that 8231 A is currently executing a com- 
mand (1=Busy) 
SIGN: Indicates that the value on the top of stack is 

negative (1 = Negative) 
ZERO: Indicates that the value on the top of stack is 

zero (1 = Value is zero) 
ERROR CODE: This field contains an indication of the 
validity of the result of the last opera- 
tion. The error codes are: 
0000 — No error 
1000 — Divide by zero 

0100 — Square root or log of negative number 
1100 — Argument of inverse sine, cosine, or 

e x too large 
XX10— Underflow 
XX01 — Overflow 
CARRY: Previous operation resulted in carry or borrow 
from most significant bit. (1 = Carry/Borrow, 
= No Carry/No Borrow.) 

If the BUSY bit in the status register is a one, the other 
status bits are not defined; if zero, indicating not busy, 
the operation is complete and the other status bits are 
defined as given above. 

READ STATUS 

The 8231 A status register can be read by the CPU at any 
time (whether an operation is in progress or not) by 
bringing the chip select (CS ) low, the command/data line 
(A ) high, and lowering RD. The status register is then 
gated onto the data bus and may be input by the CPU. 



EXECUTION TIMES 

Timing for execution of the 8231A command set is con- 
tained below. All times are given in terms of clock 
cycles. Where substantial variation of execution times 
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is possible, the minimum and maximum values are 
quoted; otherwise, typical values are given. Variations 
are data dependent. 

Total execution times may require allowances for 
operand transfer into the APU, command execution, and 
result retrieval from the APU. Except for command exe- 
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cution, these times will be heavily influenced by the 
nature of the data, the control interface used, the speed 
of memory, the CPU used, the priority allotted to DMA 
and Interrupt operations, the size and number of 
operands to be transferred, and the use of chained 
calculations, etc. 



Table 5. Command Execution Times 



Command 


Clock 


Command 


Clock 


Command 


Clock 


Command 


Clock 


Mnemonic 


Cycles 


Mnemonic 


Cycles 


Mnemonic 


Cycles 


Mnemonic 


Cycles 


SADD 


17 


FADD 


54-368 


LN 


4298-6956 


POPF 


12 


SSUB 


30 


FSUB 


70-370 


EXP 


3794-4878 


XCHS 


18 


SMUL 


84-94 


FMUL 


146-168 


PWR 


8290-12032 


XCHD 


26 


SMUU 


80-98 














SDIV 


84-94 


FDIV 


154-184 


NOP 


4 


XCHF 


26 


DADD 


21 


SORT 


800 


CHSS 


23 


PUPI 


16 


DSUB 


38 


SIN 


4464 


CHSD 


27 






DMUL 


194-210 


COS 


4118 


CHSF 


18 






DMUU 


182-218 














DDIV 


208 


TAN 


5754 


PTOS 


16 






FIXS 


92-216 


ASIN 


7668 


PTOD 


20 






FIXD 


100-346 


ACOS 


7734 


PTOF 


20 






FLTS 


98-186 


ATAN 


6006 


POPS 


10 






FLTD 


98-378 


LOG 


4474-7132 


POPD 


12 







DERIVED FUNCTION DISCUSSION 

Computer approximations of transcendental functions 
are often based on some form of polynomial equation, 
such as: 



F(X) = A + A^ + A 2 X 2 + A 3 X 3 + A 4 X 4 . . . 



(1-D 



The primary shortcoming of an approximation in this 
for;m is that it typically exhibits tfery large errors when 
the magnitude of |X| is large, although the errors are 
small when |X| is small. With polynomials in this form, 
the error distribution is markedly uneven over any 
arbitrary interval. 

A set of approximating functions exists that not only 
minimizes the maximum error but also provides an even 
distribution of errors within the selected data represen- 
tation interval. These are known as Chebyshev Poly- 
nomials and are are based upon cosine functions. These 
functions are defined as follows: 



T n (X) = Cos n0; where n = 
= Cos- 1 X 



0,1,2. 



(1-2) 



The various terms of the Chebyshev series can be com- 
puted as shown below: 

T (X) = Cos (0 • 0) = Cos (0) = 1 (1 -4) 

T 1 (X)=Cos(Cos- 1 X) = X (1-5) 

T 2 (X) = Cos 20 = 2Cos 2 - 1 = 2Cos 2 (Cos ~ 1 X) - 1 (1 -6) 
= 2X 2 -1 



In general, the next term in the Chebyshev series can be 
recursively derived from the previous term as follows: 



T n (X) = 2X [T n - 1 (X)] - T n - 2(X); n > 2 



d-7) 



Common logarithms are computed by multiplication 
of the natural logarithm by the conversion factor 
0.43429448 and the error function is therefore the same 
as that for natural logarithm. The power function is 
realized by combination of natural log and exponential 
functions according to the equation: 

XY_ e yLnx 

The error for the power function is a combination of that 
for the logarithm and exponential functions. 

Each of the derived functions is an approximation of the 
true function. Thus the result of a derived function will 
have an error. The absolute error is the difference be- 
tween the function's result and the true result. A more 
useful measure of the function's error is relative error 
(absolute error/true result). This gives a measurement of 
the significant digits of algorithm accuracy. For the 
derived functions except LN, LOG, and PWR the relative 
error is typically 4x 10~ 7 . For PWR the relative error is 
the summation of the EXP and LN errors, 7x 10 ~ 7 . For 
LN and LOG, the absolute error is2x10 -7 . 
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APPLICATION INFORMATION 



The diagram in Figure 4 shows the interface connec- 
tions for the APU with operand transfers handled by an 
8237 DMA controller, and CPU coordination handled by 
an Interrupt Controller. The APU interrupts the CPU to 
indicate that a command has been completed. When the 
performance enhancements provided by the DMA and 
Interrupt operations are not required, the APU interface 
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can be simplified as shown in Figure 3. The 8231 A APU is 
designed with a general purpose 8-bit data bus and in- 
terface control so that it can be conveniently used with 
any general 8-bit processor. 

In many systems it will be convenient to use the 
microcomputer system clock to drive the APU clock 
input. In the case of 8080A systems it would be the 
4>2TTL signal. Its cycle time will usually fall in the range 
of 250 ns to 1000 ns, depending on the system speed. 
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Figure 3. Minimum Configuration Example 
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Figure 4. High Performance Configuration Example 
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ABSOLUTE MAXIMUM RATINGS* , A/nT/ , c c , " . ;. , . f w . „, K , , 

NOTICE: Stresses above those listed under Absolute 

Storage Temperature - 65°C to + 150 °C Maximum Ratings" may cause permanent damage to the 

Ambient Temperature Under Bias 0°C to 70 °C device. This is a stress rating only and functional opera- 

V DD with Respect to V ss - 0.5V to + 15.0V tion of the device at these or any other conditions above 

V cc with Respect to V ss - 0.5V to + 7.0V those indicated in the operational sections of this specif i- 

All Signal Voltages with Respect cation is not implied. Exposure to absolute maximum 

to V ss - 0.5V to + 7.0V rating conditions for extended periods may effect device 

Power Dissipation . . . . . 2.0W reliability 



D.C. AND OPERATING CHARACTERISTICS (T A = o°c to 70°c, v ss = ov, v cc = +5V ± 10%, 

V DD = +12V ± 10%) 



Parameters 


Description 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


VOH 


Output HIGH Voltage 


3.7 






Volts 


>0H= -200/aA 


Vol 


Output LOW Voltage 






0.4 


Volts 


>ol=3.2 mA 


Vih 


Input HIGH Voltage 


2.0 




Vcc 


Volts 




Vil 


Input LOW Voltage 


-0.5 




0.8 


Volts 




IlL 


Input Load Current 






±10 


/kA 


Vss * V, N < V cc 


loz 


Data Bus Leakage 






±10 


M 


V ss +0.4 ^ Vqut ^ Vcc 


•cc 


Vqc Supply Current 




50 


95 


mA 




•dd 


V DD Supply Current 




50 


95 


mA 




C 


Output Capacitance 




8 




PF 


fc = 1.0 MHz, Inputs = 0V 


c, 


Input Capacitance 




5 




pF 


Cio 


I/O Capacitance 




10 




PF 



A.C. TESTING INPUT, OUTPUT WAVEFORM 




^>TESTPOINTS<^ Vc L = 150pF 



A.C. TESTING: INPUTS ARE DRIVEN AT 3.7V FOR A LOGIC " 1 " AND 0.4V r OR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1 " 
AND 0.8V FOR A LOGIC "0." 
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A.C. CHARACTERISTICS (T A = o°C to 70°C, v ss = ov, v cc = +5V ± 10%, v DD = +12V ± 10%) 



READ OPERATION 



Symbol 


Parameter 




8231 A-8 


8231 A-3 


8231A 


Units 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*AR 


Aq, CS Setup to RD 

















ns 


*RA 


A , CS Hold from RD 

















ns 


*RY 


READY i from RD I Delay (Note 2) 




150 




100 




100 


ns 


Wr 


READY t to RD t 

















ns 


*RRR 


READY Pulse Width (Note 3) 


Data 


3.5 ^y 
+ 50 




3.5 t CY 
+ 50 




3.5 toy 
+ 50 




ns 


Status 


1.5 t CY 
+ 50 




1.5 t CY 
+ 50 




1-5 t CY 
+ 50 




ns 


*RDE 


Data Bus Enable from RD I 


50 




50 




50 




ns 


*DRY 


Data Valid to READY t 

















ns 


t D F 


Data Float after RD t 


50 


200 


50 


150 


50 


100 


ns 



WRITE OPERATION 



Symbol 


Parameter 




8231 A-8 


8231 A-3 


8231 A 


Units 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*AW 


Aq, CS Setup to WR 

















ns 


*WA 


A ,CS Hold after WR 


60 




30 




25 




ns 


*WY 


READY * from WR i Delay (Note 2) 




150 




100 




100 


ns 


*YW 


READY t to WRt 

















ns 


*RRW 


READY Pulse Width (Note 4) 




50 




50 




50 


ns 


*wi 


Write Inactive Time (Note 4) 


Command 


4t CY 




4t CY 




4t CY 




ns 


Data 


5t CY 




5t CY 




5t CY 




ns 


*DW 


Data Setup to WR 


150 




100 




100 




ns 


tyVD 


Data Hold after WR 


20 




20 




20 




ns 



OTHER TIMINGS 



Symbol 


Parameter 


8231 A-8 


8231 A-3 


8231 A 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*CY 


Clock Period 


480 


5000 


320 


3300 


250 


2500 


ns 


tCPH 


Clock Pulse High Width 


200 




140 




100 




ns 


tcPL 


Clock Pulse Low Width 


240 




160 




120 




ns 


tEE 


END Pulse Width (Note 5) 


400 




300 




200 




ns 


*EAE 


EACK 1 to END t Delay 




200 




175 




150 


ns 


Ua 


EACK Pulse Width 


100 




75 




50 




ns 


tSA 


SVACK * to SVREQ I Delay 




300 




200 




150 


ns 


tss 


SVACK Pulse Width 


100 




75 




50 




ns 



NOTES: 

1. Typical values are for Ta=25°C, nominal supply voltages and nominal processing parameters. 

2. READY is pulled low for both command and data operations. 

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered 
command is being executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any 
time without exceeding the time shown. 

4. READY low pulse width is less than 50 ns when writing into the data port or the control port as long as the duty cycle requirement (tyvi ) is 
observed and no previous command is being executed, twi may be safely violated as long as the extended tRRw that results is 
observed. If a previously entered command is being executed, READY low pulse width is the time to complete execution plus the time 
show n. These timings refer specifical ly to t he 8231 A. 

5. END low pulse width is specified for EACK tied to VSS. Otherwise tgAE applies. 
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WAVEFORMS 



READ OPERATION 



h tcY H U-tcPH-M *-t C PL-«H 

li t 



XI 



RT5 



DATA 
BUS 



p-tRY* 



\ 



r 



X 



^ 



-tRA 



OUTPUT VALID 



WRITE OPERATION 



Ao,CS ^" 



/ 



J *, fRRW •* I- 

\ / 



-»YW~ 



DATA 
BUS 



< 



X 



-IV- 



JNPUT STABLE 



> 



INTERRUPT OPERATION 
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8232 
FLOATING POINT PROCESSING UNIT 



■ Compatible with Proposed IEEE For- 
mat and Existing Intel Floating Point 
Standard 

■ Single (32-Bit) and Double (64-Bit) 
Precision Capability 

■ Add, Subtract, Multiply and Divide 
Functions 

■ Stack Oriented Operand Storage 

■ General Purpose 8-Bit Data Bus Inter- 
face 



■ Standard 24-Pin Package 

■ 12V and 5V Power Supplies 

■ Compatible with MCS-80™, MCS-85™ 
and MCS-86™ Microprocessor Families 

■ Error Interrupt 

n Direct Memory Access or Programmed 
I/O Data Transfers 

■ End of Execution Signal 

■ Advanced N Channel Silicon Gate 
HMOS Technology 



The Intel® 8232 is a high performance floating-point processor unit (FPU). It provides single precision (32-bit) and 
double precision (64-bit) add, subtract, multiply and divide operations. The 8232's floating point arithmetic is a subset 
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities of the host 
microprocessor. 

The operand, result, status and command information transfers take place over an 8-bit bidirectional data bus. Oper- 
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the 
data stack. The results of the operation are available to the host processor from the stack. 

Information transfers between the 8232 and the host processor can be handled by using programmed I/O or direct 
memory access techniques. After completing an operation, the 8232 activates an "end of execution" signal that can 
be used to interrupt the host processor. 
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Figure 1. Block Diagram 



v S s C 1 

Vcc C 2 

EACK C 3 

SVACK LE <* 

SVREQ C 5 

ERROR C 6 

TIE LOW C 7 

DBO C 8 

DB1 C 9 

DB2 C 10 

DB3 C 11 

DB4 C 12 



24 3 END 
23 3 CLK 
22 3 RESET 
21 3 A 
20 3 RD 
19 3 WR 
18 3 CS 
17 3 READY 
16 3 V DD 
15 3 DB7 
14 3 DB6 
13 3 DB5 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 



Type 



Vcc 



VPD 

Vss 

CLK 



A 



Name and Description 



POWER SUPPLY: + 5V power supply 



POWER SUPPLY: +12V power supply 



GROUND 



CLOCK: An external timing source con- 
nected to the CLK input provides the 
necessary clocking. 



RESET: A HIGH level on this input causes 
initialization. Reset terminates any opera- 
tion in progress, and clears the status 
register to zero. The internal stack pointer 
is initialized and the contents of the stack 
may be affected. After a reset the END 
output, the ERROR output and the SVREQ 
output will be LOW. For proper initializa- 
tion, RESET must be HIGH for at least five 
CLK periods following stable power 
supply voltages and stable clock. 



CHIP SELECT: input must be LOW to ac- 
complish any read or write operation to 
the 8232. 

To perform a write operation, appropriate 
data is presented on DBO through DB7 
lines, appropriate logic level on the A in- 
put and the CS input is made LOW. When* 
ever WR and RD inputs are both HIGH and 
CS is LOW, READY goes LOW. However, 
actual writing into the 8232 cannot start 
until WR is made LOW. After initiating the 
write operation by the HIGH to LOW tran- 
sition on the WR input, the READY output 
will go HIGH, indicating the write opera- 
tion has been acknowledged. The WR in- 
put can go HIGH after READY goes HIGH. 
The data lines, the A input and the CS in- 
put can change when appropriate hold 
time requirements are satisfied. See write 
timing diagram for details. 

To perform a read operation an appropriate 
logic level is established on the A input 
and CS is made LOWJhe RJADY output 
goes LOW because WR and RD inputs are 
HIGH. The read operation does not start 
until the RD input goes LOW. READY will 
go HIGH indicating that read operation is 
complete and the required information is 
available on the DBO through DB7 lines. 
This information will remain on Vne data 
lines as long as RD is LOW. The RD input 
can return HIGH anytime after READY 
goes HIGH. The CS input and A input can 
change anytime after RD returns HIGH. 
See read timing diagram for details. If the 
Cl> is tied LOW permanently, READY will 
remain LOW until the next 8232 read or 
write access. 



ADDRESS: The A input together with the 
RD and WR inputs determines the type of 
transfer to be performed on the data bus 
as follows: 



RD 



WR 



Function 



Enter data byte into stack 
Read data byte from stack 
Enter command 
Read status 



Symbol 


Pin No. 


Type 


Name and Description 


RD 


20 


I 


READ: A LOW level on this input is used 
to read information from an internal 
location and gate that information onto 
the data bus. The CS input must be LOW 
to accomplish the read operation. The Aq 
input determines what internal location is 
to be read. See A , CS input descriptions 
and read timing diagram for details. If the 
END output was HIGH, performing any 
read operation will make the END output 
go LOW after the HIGH to LOW transition 
of the RD input (assuming CS is LOW). If 
the ERROR output was HIGH, performing 
a status register read operation will make 
the ERROR output LOW. This will happen 
after the HIGH to LOW transition of the 
RTF input (assuming CS" is LOW). 


WR 


19 


I 


WRITE: A LOW level on this input is used 
to transfer information from the data bus 
into an internal location. The CS must be 
LOW to accomplish the write operation. 
A determines which internal location is 
to be written. See A , CS input descrip- 
tions and write timing diagram for details. 

If the END output was HIGH, performing 
any write operation will make the END 
output go LOW after the LOW to HIGH 
transition of the WR input (assuming CS is 
LOW). 


EACK 


3 


I 


END ACKNOWLEDGE: When LOW, 
makes the END output go LOW. As men- 
tioned earlier, HIGH on the END output 
signals completion of a command exe- 
cution. The END signal is derived from an 
internal flip-flop which is clocked at the 
completion of a command. This flip-flop is 
clocked to the reset state when EACK is 
LOW. Consequently, if EACK is tied LOW, 
the END output will be a pulse that is 
approximately one CLK period wide. 


SVACK 


4 


I 


SERVICE ACKNOWLEDGE: A LOW level 
on this input clears SVREQ. If the SVACK 
input is permanently tied LOW, it will 
conflict with the internal setting of the 
SVREQ output. Thus, the SVREQ 
indication cannot be relied upon if the 
SVACK is tied LOW. 


END 


24 





END OF EXECUTION: A HIGH on this 
output indicates that execution of the 
current command is complete. This output 
will be cleared LOW by activating the 
EACK input LOW or performing any read 
or write operation or device initialization 
using RESET. If EACK is tied LOW, the 
END output will be a pulse (see EACK 
description). 

Reading the status register while a com- 
mand execution is in progress is allowed. 
However, any read or write operation 
clears the flip-flop that generates the END 
output. Thus, such continuous reading 
could conflict with internal logic setting of 
the END flip-flop at the end of command 
execution. 
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Table 1. Pin Description (Continued) 



Symbol 



SVREQ 



ERROR 



Type 



Name and Description 



S ERVICE REQUEST: A HIGH on this out- 
put indicates completion of a command. 
In this sense this output is the same as the 
END output. However, the SVREQ output 
will go HIGH at the completion of a 
command only when the Service Request 
En. able bit was set to 1. The SVREQ can be 
cleared (i.e., go LOW) by activating the 
SVACK input LOW or initializing the 
dev ice using the RESET. Also, the SVREQ 
will be automatically cleared after 
completion of any command that has the 
service request bit as 0. 



ERROR: Output goes HIGH to indicate that 
the current command execution resulted 
in ar \ error condition. The error conditions 
are: attempt to divide by zero, exponent 
oveii'low and exponent underflow. The 
ERROR output is cleared LOW on a status 
regis ter read operation or upon RESET. 

The lERROR output is derived from the 
error bits in the status register. These 
error ,bits will be updated internally at an 
appro priate time during a command exe- 
cution. Thus, ERROR output going HIGH 
may n ot coincide with the completion of a 
commiand. Reading of the status register 
can bo performed while a command exe- 
cution is in progress. However, it should 
be noted that reading the status register 
clears the ERROR output. Thus, reading 
the status register while a command 
execut ion is in progress may result in an 
interna I conflict with the ERROR output. 



Symbol 


Pin No. 


Type 


Name and Description 


READY ,' 


17 





READY: Output is a handshake signal used 
while performing read or write transac- 
tions with the 8232. If the WR" and RD 
inputs are both HIGH, the READY output 
goes LOW with the CS input in anticipa- 
tion of a transaction. If WR goes LOW to 
initiate a write transaction with proper 
signals established on the DB0-DB7, Aq 
inputs, the READY will return HIGH 
indicating that the write operation has 
been accomplished. The WR can be made 
HIGH after this event. On the other hand, if 
a read operation is desired, the RD input is 
made LOW after activating CS LOW and 
establishing proper A input. (The READY 
will go LOW in response to CS going 
LOW.) The READY will return _HIGH, 
indicating completion of read. The RD can 
return HIGH after this event. It should be 
noted that a read or write operation can be 
initiated without any regard to whether a 
command execution is in progress or not. 
Proper device operation is assured by 
obeying the READY output indication as 
described. 


DB0- 
DB7 


8-15 


I/O 


DATA BUS: Bidirectional lines are used to 
transfer command, status and operand 
information between the device and the 
host processor. DBO is the least signifi- 
cant and DB7 is the most significant bit 
position. HIGH on a data bus line corre- 
sponds to 1 and LOW corresponds to 0. 
When pushing operands on the stack 
using the data bus, the least significant 
byte must be pushed first and the most 
significant byte last. When popping the 
stack to read the result of an operation, 
the most significant byte will be available 
on the data bus first and the least sig- 
nificant byte will be the last. Moreover, for 
pushing operands and popping results, 
the number of transactions must be equal 
to the proper number of bytes appropriate 
for the chosen format. Otherwise, the 
internal byte pointer will not be aligned 
properly. The single precision format 
requires 4 bytes and double precision 
format requires 8 bytes. 



FUNCTIONAL DESCRIPTION 

Major functional units of the 8232 are shown in the 
block diagram. The 8232 employs a microprogram con- 
trolled stack oriented architecture with 17-bit wide data 
paths. 

The Arithmetic Unit receives one of its operands from 
the Operand Stack. This stack is. an eight word by 17-bit 
two port memory with last in-first out (LIFO) attributes. 
The second operand to the Arithmetic Unit is supplied 
by the internal 17-bit bus. In addition to supplying the 
second operand, this bidirectional bus also carries the 
results from the output of the Arithmetic Unit when 
required. Writing into the Operand Stack takes place 



from this internal 17-bit bus when required. Also con- 
nected to this bus are the Constant ROM and Working 
Registers. The ROM provides the required constants to 
perform the mathematical operations while the Working 
Registers provide storage for the intermediate values 
during command execution. 

Communication between the external world and the 
8232 takes place on eight bidirectional input/output 
lines, DBO through DB7 (Data Bus). These signals are 
gated to the internal 8-bit bus through appropriate inter- 
face and buffer circuitry. Multiplexing facilities exist for 
bidirectional communication between the internal eight 
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and 17-bit buses. The Status Register and Command 
Register are also located on the 8-bit bus. 

The 8232 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter 
supplies the microprogram addresses and can be par- 
tially loaded from the Command Register. Associated 
with the Program Counter is the Subroutine Stack where 
return addresses are held during subroutine calls in the 
microprogram. The Microinstruction Register holds the 
current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The 
Instruction Decode logic generates various internal con- 
trol signals needed for the 8232 operation. 

The Interface Control logic receives several external in- 
puts and provides handshake related outputs to facili- 
tate interfacing the 8232 to microprocessors. 

Command Format 

The operation of the 8232 is controlled from the host 
processor by issuing instructions called commands. 
The command format is shown below. 



OP CODE 

J I I L 



The command consists of 8 bits; the least significant 7 
bits specify the operation to be performed as detailed in 
Table 1. The most significant bit is the Service Request 
Enable bit. This bit must be a 1 if SVREQ is to go HIGH 
at the end of executing a command. 

The commands fall into three categories: single pre- 
cision arithmetic, double precision arithmetic and data 
manipulation. There are four arithmetic operations that 
can be performed with single precision (32-bit) or double 
precision (64-bit) floating-point numbers: add, subtract, 
multiply and divide. These operations require two oper- 
ands. The 8232 assumes that these operands are 
located in the internal stack as Top of Stack (TOS) and 
Next on Stack (NOS). The result will always be returned 
to the previous NOS which becomes the new TOS. 
Results from an operation are of the same precision and 
format as the operands. The results will be rounded to 
preserve the accuracy. The actual data formats and 
rounding procedures are described in a later section. In 
addition to the arithmetic operations, the 8232 imple- 
ments eight data manipulating operations. These 
include changing the sign of a double or single 
precision operand located in TOS, exchanging single 
precision operands located at TOS and NOS, as well as 
pushing and popping single or double precision 
operands. See also the sections on status register and 
operand formats. 

The execution times of the commands are all data 
dependent. Table 3 shows one example of each com- 
mand execution time. 



Operand Entry 

The 8232 commands operate on the operands located at 
the TOS and NOS. Results are returned to the stack at 
NOS and then popped to TOS. The operands required for 
the 8232 are one of two forniiats — single precision 
floating-point (4 bytes) or double precision floating- 
point (8 bytes). The result of am operation has the same 
format as the operands. In other words, operations 
using single precision quantities always result in a 
single precision result, whiile operations involving 
double precision quantities; will result in double 
precision result. 

Operands are always entered i nto the stack least signifi- 
cant byte first and most significant byte last. The follow- 
ing procedure must be followed to enter operands into 
the stack: 

1. The lower significant operand byte is established on 
the DB0-DB7 lines. 

2. A LOW is established on l:he A input to specify that 
data is to be entered into the stack. 

3. The CS input is made LOW. Whenever the WR andRD 
inputs are HIGH, the REA DY output will follow the CS 
input. Thus, READY outp ut will become LOW. 

4. After appropriate set up time (see timing diagrams), 
the WR input is made LOW. 

5. Sometime after this even ft, READY will return HIGH to 
indicate that the write operation has been acknowl- 
edged. 

6. Any time after the READY output goes HIGH, the WR 
input can be made HIGH. The DB0-DB7, A and CS 
inputs can change afterr appropriate hold time re- 
quirements are satisfied (see timing diagrams). 

The above procedure must be repeated until all bytes of 
the operand are pushed into the stack. It should be 
noted that for single precision operands 4 bytes should 
be pushed and 8 bytes must be pushed for double pre- 
cision. Not pushing all the bytes of a quantity will result 
in byte pointer misalignment. 

The 8232 stack can accomimodate four single precision 
quantities or two double precision quantities. Pushing 
more quantities than the capacity of the stack will result 
in loss of data which is usual with any LIFO stack. 

The stack can be visualized as shown below: 







TOS-*- 
NOS-** 


A4 | 


, A3 | A2 


A1 


t 
4 

i 






B4 | 


B3 | B2 


B1 






II: I I 






I I I 


























TOS-»* 


A8 


| A7 | A6 | 


A5 | A4 


| A3 


A2 


A1 


NOS-»- 


B8 


| B7 | B6 | 


B5 | B4 


| B3 


B2 


B, 
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Table 2. 8232 Command Set 



Single Precision Instructions 



Instruction 


Description 


Hex 1 
Code 


Stack Contents 2 

After Execution 

A B C D 


Status Flags 
Affected 4 


SADD 


Add A and B 


01 


R C D U 


S, Z, U, V 


SSUB 


Subtract A from B 


02 


R C D U 


S, Z, U, V 


SMUL 


Multiply A by B 


03 


R C D U 


S, Z, U, V 


SDIV 


Divide B by A. If A exponent = 0, 
then R=B. 


04 


R C D U 


S, Z, U, V, D 


CHSS 


Change sign of A 5 


05 


R B C D 


s,z 


PTOS 


Push stack 5 


06 


A* A B C 


s, z 


POPS 


Pop stack 


07 


B C D A 


s,z 


XCHS 


Exchange 


08 


B A C D 


s, z 


Double Precision Instructions 


Instruction 


Description 


Hex 1 
Code 


Stack Contents 3 

After Execution 

A B 


Status Flags 
Affected 4 


DADD 


Add A and B 


29 


R U 


S, Z, U, V 


DSUB 


Subtract A from B 


2A 


R U 


S, Z, U, V 


DMUL 


Multiply A by B 


2B 


R U 


S, Z, U, V 


DDIV 


Divide B by A. If A = 0, 
then R=B. 


2C 


R U 


S, Z, U, V, D 


CHSD 


Change sign of A 5 


2D 


R B 


s, z 


PTOD 


Push stack 5 


2E 


A* A 


s,z 


POPD 


Pop stack 


2F 


B A 


S, Z 


CLR 


CLR status 


00 


A B 





Notes: 

1. In the hex code column, SVREQ bit is a 0. 

2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next on Stack (NOS). Upon com- 
pletion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A,B,C, or D). 

3. The stack initially is composed of two 64-bit numbers (A, B). A is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon completion 
of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B). 

4. Any status bit(s) not affected are set to 0. Nomenclature: Sign (S); Zero (Z); Exponent Underflow (U); Exponent Overflow (V); Divide Exception (D). 

5. If the exponent field of A is zero, R or A* will be zero. 
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Table 3. Execution Times 



Command 


TOS 


NOS 


Result 


Clock Periods 


SADD 


3F800000 


3F800000 


40000000 


58 


SSUB 


3F800000 


3F800000 


00000000 


56 


SMUL 


40400000 


3FC00000 


40900000 


198 


SDIV 


3F800000 


40000000 


3F000000 


228 


CHSS 


3F800000 


— 


BF800000 


10 


PTOS 


3F800000 


— 


— 


16 


POPS 


3F800000 


— 


— 


14 


XCHS 


3F800000 


40000000 


— 


26 


CHSD 


3FF00000 00000000 


— 


BFF00000 00000000 


24 


PTOD 


3FF00000 00000000 


— 


— 


40 


POPD 


3FF00000 00000000 


— 


— 


26 


CLR 


3FF00000 00000000 


— 


— 


4 


DADD 


3FF00000 0A000000 


3FF00000 00000000 


3FF00000 0A000000 


578 


DSUB 


3FF00000 A0000000 


3FF00000 00000000 


3FF00000 A0000000 


578 


DMUL 


BFF80000 00000000 


3FF80000 00000000 


C0020000 00000000 


1748 


DDIV 


BFF80000 00000000 


3FF80000 00000000 


BFF00000 00000000 


4560 



Note: TOS, NOS and result are in hexadecimal; clock period is in decimal. 



Command Initiation 

After properly positioning the required operands in the 
stack, a command may be issued. The procedure for 
initiating a command execution is the same as that 
described above for operand entry, except that the A 
input is HIGH. 

An attempt to issue a new command while the current 
command execution is in progress is allowed. Under 
these circumstances, the READY output will not go 
HIGH until the current command execution is com- 
pleted. 



Removing the Results 

Result from an operation will be available at the TOS. 
Results can be transferred from the stack to the data 
bus by reading the stack. 

When the stack is read for results, the most significant 
byte is available first and the least significant byte last. 

A result is always of the same precision as the operands 
that produced it. Thus, when the result is taken from the 
stack, the total number of bytes popped out should be 
appropriate with the precision — single precision 
results are 4 bytes and double precision results are 8 
bytes. The following procedure must be used for read- 
ing the result from the stack: 

1. A LOW is established on the A input. 

2. The CS input is made LOW. When WR and RD inputs 
are both HIGH, the READY output follows the CS 
input, thus READY will be LOW. 

3. After appropriate set up time (see timing diagrams), 
the RD input is made LOW. 



4. Sometime after this, READY will return HIGH, indi- 
cating that the data is available on the DB0-DB7 
lines. This data will remain on the DB0-DB7 lines as 
long as the RD input remains LOW. 

5. Any time after READY goes HIGH, the RD input can 
return HIGH to complete the transaction. 

6. The CS and A inputs can change after appropriate 
hold time requirements are satisfied (see timing dia- 
gram). 

7. Repeat this procedure until all bytes appropriate for 
the precision of the result are popped out. 

Reading of the stack does not alter its data; it only ad- 
justs the byte pointer. Note data must be removed in 
even byte multiples to avoid a byte pointer misalign- 
ment. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and 
older data will be read again, consistent with the LIFO 
stack. 

Reading Status Register 

The 8232 status register can be read without any regard 
to whether a command is in progress or not. The only 
implication that has to be considered is the effect this 
might have on the END and ERROR outputs discussed 
in the signal descriptions. 

The following procedure must be followed to accom- 
plish status register reading: 

1. Establish HIGH on the A input. 

2. Establish LOW on the CS input. Whenever_WR and 
RD inputs are HIGH, READY will follow the CS input 
Thus, READY will go LOW. 

3. After appropriate set up time (see timing diagram), 
RD is made LOW. 
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4. Sometime after the HIGH to LOW transition of RD, 
READY will become HIGH, indicating that status reg- 
ister contents are available on the DB0-DB7 lines. 
These lines will contain this information as long as 
RD is LOW. 

5. The RD input can be returned HIGH any time after 
READY goes HIGH. 

6. The A input and CS input can change after satisfying 
appropriate hold time requirements (see timing 
diagram). 



Status Register 

The 8232 contains an 8-bit status register with the 
following format: 



Bit 7 Busy. When 1, this bit indicates the 8232 is in the 
process of executing a command. It will become 
zero after the command execution is complete. 

All other status register bits are valid when the Busy bit 
is zero. 



Data Formats 

The 8232 handles floating-point quantities in two differ- 
ent formats — single precision and double precision. 
These formats are the same as those used by Intel in 
Other products and those proposed by the IEEE Sub- 
committee on floating point arithmetic. 

The single precision quantities are 32 bits long, as 
shown below: 



DIVIDE 
EXCEPTION 



EXPONENT 

UNDERFLOW 

U 



EXPONENT 
OVERFLOW 





I IMPLIED BIT 


s 


E | I 


M 

I II I 



All the bits are initialized to zero upon reset. Also, 
executing a CLR (Clear Status) command will result in 
all zero status register bits. A zero in bit 7 indicates that 
the 8232 is not busy and a new command may be 
initiated. As soon as a new command is issued, bit 7 
becomes 1 to indicate the device is busy and remains 1 
until the command execution is complete, at which time 
it will become 0. As soon as a new command is issued, 
status register bits 0-6 are cleared to zero. The status 
bits will be set as required during the command execu- 
tion. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon 
unless the ERROR occurs. The following is a detailed 
status bit description. 

Bit Reserved. 

Bit 1 Exponent overflow (V). When 1, this bit indicates 
that the result exponent is more positive than 
+ 127 ( + 1023). The exponent is "wrapped" into the 
negative exponent range, skipping the end values. 

Bit 2 Exponent Underflow (U). When 1, this bit indicates 
that the result exponent is more negative than 
- 126 (- 1022). The exponent is "wrapped" into the 
positive range by the number of underflow bits, 
skipping -127 (-1023) and +128 ( + 1024). 

Bit 3 Divide Exception (D). When 1, this bit indicates 
that an attempt to divide by zero is made. Cleared 
to zero otherwise. 

Bit 4 Reserved. 

Bit 5 Zero (Z). When 1, this bit indicates that the result 
returned to TOS after a command is zero. Cleared 
to zero otherwise. 

Bit 6 Sign (S). When 1, this bit indicates that the result 
returned to TOS is negative. Cleared to zero other- 
wise. 



Bit 31: 



: Sign of the mantissa. One represents negative and 
represents positive. 



Bits 23-30: 

E 



These 8 bits represent a biased exponent. The bias 
is 2 7 - 1 = 127. 



Bits 0-22: 

M = 23-bit mantissa. Together with the sign bit, the man- 
tissa represents a signed fraction in sign-magni- 
tude notation. There is an implied 1 beyond the 
most significant bit (bit 22) of the mantissa. In other 
words, the mantissa is assumed to be a 24-bit nor- 
malized quantity and the most significant bit, which 
will always be a 1 due to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arithmetic, normalizes the result and 
strips the implied bit before returning the results to 
the external data bus. The binary point is between 
the implied bit and bit 22 of the mantissa. 

The quantity N represented by the above notation is 



N = (-1) S 2 E ~ 



_ r 

■ 1) (1.M) 



BINARY POINT 



Provided E#0 (reserved for 0) or all 1's (illegal). The 
approximate decimal range for this format is 
±1.17 x 10~ 38 to ±3.40 x 10 38 The format supports 7 
significant decimal digits. 
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A double precision quantity consists of the mantissa 
sign bit, an 11 -bit bjased exponent (E), and a 52-bit man- 
tissa (M). The bias for double precision quantities is 
2 10 -i. The double precision format is illustrated below. 



IMPLIED BIT 


s E . 


I " III 



Bit 63: 

S = Sign of the mantissa. One represents negative and 
represents positive. 

Bits 52-62: 

E = These 1 1 bits represent a biased exponent. The bias 
is 2 10 - 1 = 1023. 

Bits 0-51: 

M = 52-bit mantissa. Together with the sign bit the man- 
tissa represents a signed fraction in sign-magni- 
tude notation. There is an implied 1 beyond the 
most significant bit (bit 51) of the mantissa. In other 
words, the mantissa is assumed to be a 53-bit nor- 
malized quantity and the most significant bit, which 
will always be a 1 due to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arithmetic, normalizes the result and 
strips the implied bit before returning the result to 
the external data bus. The binary point is between 
the implied bit and bit 51 of the mantissa. 

The quantity N represented by the above notation is 



N = (-1) b 2' 



SoE- 



rBIAS 
, r BINARY POINT 

(2 " 1) (1.M) 



Provided E ¥= (reserved for 0) or all 1s (illegal). The 
approximate decimal range is ±2.22 x 10~~ 308 to ±1.80 
x 10 308 . The format supports 16 significant decjmal 
digits. 

The following are some examples of single precision 
floating point representations: 



Decimal 


s 


E 


M 


Binary 

Floating 

Point 














0000 0000H 


1 





127 





3F80 00O0H 


-1 


1 


127 





BF80 0000H 


255 





134 


.9922 


437F 0000H 


n 





128 


.5708 


4049 0FDBH 



Rounding 

One of the main objectives in choosing the 8232's Intel/ 
IEEE proposed floating point arithmetic was to provide 
maximum accuracy with no anomalies. This means that 
a mathematically unsophisticated user will not be 
"surprised" by some of the results. It is probably 
possible for a sophisticated user to obtain reliable 
results from almost any floating point arithmetic. 
However, in that case there will be an additional burden 
on the software. 

The best example of what might be called the 8232's 
"safety factor" is the inclusion of guard bits for 
rounding. The absence of guard bits leads to the 
problem demonstrated by the following four-bit multi- 
plication: 

.1111x2° 
.1000 x2 1 



.01111000x2 1 



Since the last four bits are lost, the normalized result is: 

.1110x2° 

and the identify function is not valid. In the past this 
problem has been avoided (hopefully) by relying on 
excess precision. 

Instead the 8232 uses a form of rounding known as 
"round to even." There are other types of rounding 
provided for in the proposed IEEE standard, but "round 
to even," an unbiased rounding scheme, is required. 
"Round to even" comes into play when a result is 
exactly halfway between two floating point numbers. In 
this case the arithmetic produces the "even" number, 
the one whose last mantissa bit is zero. The 8232 uses 
three additional bits — the Guard bit (G), the Rounding 
bit (R), and the "Sticky" bit (S)— to do the rounding. 
These are bits which hold data shifted out (right) of the 
accumulator. Rounding is carried out by the following 
rules, as shown in the following figure, after the result rs 
normalized. 



G 


Bit 
R 


s 


Rule 











No Round 









1 

1 


1 



1 


Rognd Down 


1 








Round to Even 


1 
1 

1 




1 
1 


1 



1 


Round Up 
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APPLICATIONS INFORMATION 

The diagram in Figure 3 represents the minimum con- 
figuration of an 8232 system. The CPU transfers data to 
and from the 8232 Floating Point Processor using the 
READY line. The 8232 status is checked using polling by 
the CPU. 



In a high performance configuration (Figure 4), inter- 
rupts are used in place of polling. The interrupts are 
generated for an error condition and to signal the end of 
execution. Operand transfers are handled by the DMA 
controller. 



ADDRESS BUS 



IOR 

IOW 

CLOCK 

READY 



■%*>: 



$ 



-*0 WR 
CLK 



8232 

FLOATING POINT 

PROCESSOR 



SYSTEM DATA BUS 



"Z*£ 



^ZL 



* 



Figure 3. Minimum Configuration Example 
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Figure 4. High Performance Configuration Example 
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ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature ........ -65°Cto + 150°C 

Ambient Temperature Under Bias 0°C to +70°C 

V DD with Respect to V ss .. -0.5 V to + 15.0 V 

Vccwith Respect to V ss ■ -0.5V to +7.0V 

Ail Signal Voltages with Respect 

to V ss -0.5V to +7.0V 

Power Dissipation 2.0W 



"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D-C. CHARACTERISTICS (T A = o°c to 70°c, v ss = ov, v cc = +5V ± 10%, v DD = +12V ±10%) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


V H 


Output HIGH Voltage 


3.7 






V 


I oh =-200mA 


Vol 


Output LOW Voltage 






0.4 


V 


I l= 3.2 mA 


V, H 


Input HIGH Voltage 


2.0 




Vcc 


V 




V|L 


Input LOW Voltage 


-0.5 




0.8 


V 




IlL 


Input Load Current 






±10 


ma 


Vss ^ V|n < Vcc 


loz 


Data Bus Leakage 






±10 


»a 


V S s + 0.4 *£ V UT ^ V C c 


'cc 


V cc Supply Current 




50 


95 


mA 




! DD 


V DD Supply Current 




50 


95 


mA 




c 


Output Capacitance 




8 




PF 


f c = 1.0MHz, lnputs = 0V 


c, 


Input Capacitance 




5 




PF 


Cio 


I/O Capacitance 




10 




PF 



A.C. CHARACTERISTICS 

READ OPERATION 



(T A = 0°C to 70°C, V ss = 0V, V cc = +5V± 10%, V DD = +12V± 10%) 



Symbol 






8232 


8232-3 


8232-8 


Units 




Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


<AR 


A , CS Setup to RD 

















ns 


tRA 


A , CS Hold from RD 

















ns 


Ury 


READY* from A , CSI Delay (Note 2) 




100 




100 




150 


ns 


*YR 


READYt to RDt 

















ns 


*RRR 


READY Pulse Width (Note 3) 


Data 


3.5 t CY 
+ 50 




3.5 fey 
+ 50 




3.5 t CY 
+ 50 




ns 


Status 


1.5 t CY 
+ 50 




1-5 t^ Y 
+ 50 




1.5 t CY 
+ 50 




ns 


tRDE 


Data Bus Enable from RDI 


50 




50 




50 




ns 


*DRY 


Data Valid to READYt 

















ns 


t D F 


Data Float after RDt 


20 


100 


20 


150 


20 


200 


ns 
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A.C. CHARACTERISTICS (Continued) 



WRITE OPERATION 



Symbol 


Parameter 


8232 


82323 


8232-8 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


*aw 


Aq, CS Setup to WR 


25 




25 




25 




ns 


twA 


Aq, CS Hold after WR 


30 




30 




60 




ns 


UWY 


READYi from A , CS1 Delay (Note 2) 




100 




100 




150 


ns 


*yw 


READYTtoWRt 

















ns 


IrRW 


READY Pulse Width 




*aw 
+ 50 




*aw 

+ 50 




*aw 
+ 50 


ns 


*DW 


Data Setup to W"R"t 


100 




100 




150 




ns 


twD 


Data Hold after WRt 


20 




20 




20 




ns 


OTHER TIMINGS 


Symbol 


Parameter 


8232 


8232-3 


8232-8 


Units 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


tcY 


Clock Period 


250 


2500 


320 


3300 


480 


5000 


ns 


tcPH 


Clock Pulse HIGH Width 


100 




140 




200 




ns 


tcPL 


Clock Pulse LOW Width 


120 




160 




240 




ns 


*EE 


END Pulse Width (Note 4) 


200 




300 




400 




ns 


*EAE 


EACKi to END! Delay 




150 




175 




200 


ns 


*aa 


EACK Pulse Width 


50 




75 




100 




ns 


*SA 






100 




200 




300 


ns 


SVACK4 to SVRECH Delay 


^S 


SVACK Pulse Width 


50 




75 




100 




ns 



NOTES: 

1. Typical values are for T A = 25°C, nominal supply voltages and nominal processing parameters. 

2. READY is pulled low for both command and data operations. 

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is being 
executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any time without exceeding the time 
shown. 

4. END high pulse width is specified for EACK tied to V ss . Otherwise t EAE applies. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 
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WAVEFORMS 



READ OPERATION 

CLOCK 
Ao.CS 



DATA 
BUS 



H tCY H U-tcPH-*1 -^•tcPL-^l 



X 



xz 



u 



\ 



r 



f- X 



d[ 



OUTPUT VALID 



;>— 



WRITE OPERATION 

Ao,CS ""V* 



\ 



f 



DATA 
BUS 



J ^ tRRW - U 

^ r 



X 



■*WA 

-IV 



■c 



INPUT STABLE 



INTERRUPT OPERATION 



EACK 



SVACK 



yp^v. 






f 



SA-I*— 

■* — tss — *• 

\ r 
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PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 

i Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 

Asynchronous 5-8 Bit Characters; 
Clock Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 1 /2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 

Synchronous Baud Rate — DC to 64K 
Baud 



■ Asynchronous Baud Rate — DC tc 
19.2K Baud 

■ Full Duplex, Double Buffered, Trans- 
mitter and Receiver 

■ Error Detection — Parity, Overrun and 
Framing 

■ Fully Compatible with 8080/8085 CPU 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 



The Intel® 8251 A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251 A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 
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15 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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FEATURES AND ENHANCEMENTS 

8251 A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251 A. 

The 8251 A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 

• 8251 A has double-buffered data paths with 
separate I/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 



• Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 

• When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As_ long_Erc the 8251 A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

• The 8251 A Status can be read at any time 
but the status update will be inhibited during 
status read. 

• The 8251 A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Synchronous Baud rate from DC to 64K. 

• Fully compatible with Intel's new industry 
standard, the MCS-85. 
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FUNCTIONAL DESCRIPTION 

General 

The 8251 A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 80/85 Micro- 
computer Systems. Like other I/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system's software for maximum flexibility. The 
8251 A can support virtually any serial data technique cur- 
rently in use (including IBM "bi-sync"). 

In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8251 A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com- 
mand Word Register that store the various control formats 
for the device functional definition. 

RESET (Reset) 

A "high" on this input forces the 8251 A into an "Idle" 
mode. The device will remain at "Idle" until a new set of 
control words is written into the 8251 A to program its 
functional definition. Minimum RESET pulse width is 
6 tcY (clock must be running). 



C/D (Control/Data) 

This input, in conjunction with the WR and RD inputs, 
informs the 8251 A that the word on the Data Bus is either 
a data character, control word or status information. 
1 = CONTROL/STATUS = DATA 

CS (Chip Select) 

A "low" on this input selects the 8251 A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and RD and WR will 
have no effect on the chip. 



DSR- 
DTR^ 

CTS- 
RTS-, 



o 



"-TxEMPTY 
_T7C 



c 



RECEIVE 
BUFFER 

(S-P) 



RECEIVE 
CONTROL 



RxRDY 

0-«-RxC 

► SYNDET7 
BRKDET 



Figure 3. 8251 A Block Diagram Showing Data 
Bus Buffer and Read/Write Logic 
Functions 



CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 



C/D RD WR CS 









1 





8251 A DATA => DATA BUS 





1 








DATA BUS => 8251 A DATA 


1 





i 





STATUS => DATA BUS 


1 


1 








DATA BUS ^CONTROL 


X 


1 


1 





DATA BUS =» 3-STATE 


X 


X 


X 


1 


DATA BUS=* 3-STATE 



WR (Write) 

A "low" on this input informs the 8251A that the CPU is 
writing data or control words to the 8251 A. 



RD (Read) 

A "low" on this input informs the 8251 A that the CPU is 
reading data or status information from the 8251 A. 



Modem Control 

The 8251 A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 
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DSR (Data Set Ready) 

The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The DSR input is normally used to 
test Modem conditions such as Data Set Ready. 

DTR (Data Terminal Ready) 

The DTR output signal is a general purpose, 1-bit inverting 
output port. It can be set "low" by programming th e ap- 
propriate bit in the Command Instruction word. The DTR 
output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 

RTS (Request to Send) 

The RTS output signal is a general purpose, 1-bit inverting 
output port. It can be set "low" by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
output signal is normally used for Modem control such as 
Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251 A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a "one." If either a Tx Enable off or CTS off condi- 
tion occurs whiie the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. On the 8251 A/ 
S2657 if CTS off or Tx Enable off condition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition. 

Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs a composite serial strea m of 
data on the TxD output pin on the falling edge of TxC. 
Th e tra nsmitter will begin transmission upon being enabled 
if CTS = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TxEMPTY. 

Transmitter Control 

The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. _TxRDY is auto- 
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. 

Note that when using the Polled operation, the TxRDY 
status bit is not masked by Tx Enabled, but will only 
indicate the> Empty/Full Status of the Tx Data Input 
Register. 



TxE (Transmitter Empty) 

When the 8251 A has no characters to transmit, the TxEMP- 
TY output will go "high". It resets automatically upon re- 
ceiving a character from the CPU if the transmitter is 
enabled. TxEMPTY can be used to indicate the end of a 
transmission mode, so that the CPU "knows" when to "turn 
the line around" in the half-duplexed operational mode. 

In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as "fillers". TxEMPTY does not go low 
when the SYNC characters are being shifted out. 
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CONTROL 

LOGIC 



o 
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CONTROL 



o 



INTERNAL 
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•-TxEMPTY 
_TxC 
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RECEIVE 
BUFFER 

(S*P) 



RECEIVE 
CONTROL 



RxRDY 

O^-R^C 

» SYNDET/ 
BRKDET 



Figure 4. 8251A Block Diagram Showing Modem 
and Transmitter Buffer and Control 
Functions 



TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchron ous tr ansmission 
mode, the Baud Rate (1x) is equal to the TxC frequency. 
In Asynchronous trans missi on mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode in struct ion selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 

For Example: 

If Ba ud Rate equals 110 Baud, 
TxC equals 110 Hz (1x) 
TxC equals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 

The falling edge of TxC shifts the serial data out of the 
8251A. 
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Receiver Buffer 

The Receiver accepts serial data, converts this serial input 
td parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
"assembled" character to the CPU. Serial data is inp ut to 
RxD pin, and is clocked in on the rising edge of RxC. 

Receiver Control 

This functional block manages all receiver-related activities 
which consist of the following features: 

The RxD initialisation circuit prevents the 8251 A from 
mistaking an unused input line for an active low data 
line in the "break condition". Before starting to receive 
serial characters on the RxD line, a valid "1" must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit) is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 

The False Start Ibit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall- 
ing edge and then strobing the nominal center of the 
Start bit (RxD - low). 

The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 

The Framing Eirror Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous mode), 
and also sets the' corresponding status bit. 

RxRDY (Receiver Ready) 

This output indicaites that the 8251 A contains a character 
that is ready to be input to the CPU. Rx RDY can be con- 
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of RxRDY 
using a Status Readl operation. 

Rx Enable off botlh masks and holds RxRDY in the Reset 
Condition. For Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 

Failure to read the received character from the Rx Data 
Output Register jprior to the assembly of the next Rx Data 
character will set. overrun condition error and the previous 
character will be? written over and lost. If the Rx Data is 
being read by tho CPU when the internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. 

RxC (Receiver Clock) 

The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1x) 
is equal to the actual frequency of RxC. In Asyn chron ous 
Mode, the Baud Rate is a fraction of the actual RxC fre- 



quency. A portion of th e mo de instruction selects this 
factor; 1, 1/16 or 1/64 the RxC. 
For Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hz (1x) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (1x) 
RxC equals 38.4 kHz(16x) 
RxC equals 153.6 kHz (64x). 

Data is sampled into the 8251 A on the rising edge of RxC. 

NOTE: In most communications systems, the 8251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both TxC and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator) to simplify the interface. 

SYNDET (SYNC Detect)/BRKDET (Break Detect) 

This pin is used in SYNChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as an output (internal Sync mode), 
the SYNDET pin will go "high" to indicate that the 8251A 
has located the SYNC character in the Receive mode. If the 
8251 A is programmed to use double Sync characters (bi- 
sync), then SYNDET will go "high" in the middle of the 
last bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 
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Figure 5. 8251 A Block Diagram Showing 

Receiver Buffer and Control Functions 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251 A to start assem- 
bling data characters on the rising edge of the next RxC, 
Once in SYNC, the "high" input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 

BREAK DETECT (Async Mode Only) 

This output will go high whenever the receiver remains low 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also 
be read as a Status bit. It is reset only upon a master chip 
Reset or Rx Data returning to a "one" state. 

NOTE: On the 8251A/S2657, if the RxData returns to a 
"one" state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset. 
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Figure 6. 8251 A Interface to 8080 Standard 
System Bus 

DETAILED OPERATION DESCRIPTION 

General 

The complete functional definition of the 8251 A is pro- 
grammed by the system's software. A set of control words 
must be sent out by the CPU to initialize the 8251 A to 
support the desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 
nization. 

Once programmed, the 8251 A is ready to perform its com- 
munication functions. The TxRDY output is raised "high" 
to signal the CPU that the 8251 A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset 
automatically when the CPU writes a character into the 
8251 A. On the other hand, the 8251 A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised "high" to signal the 
CPU that the 8251 A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 



The 8251 A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in tho Com mand Instruction 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 

Programming the 8251 A 

Prjor to starting data transmission or reception, the 8251 A 
must be loaded with a set of contr ol words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and imust immediately fol- 
low a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 

2. Command Instruction 

Mode Instruction 

This format defines the general opersitional characteristics 
of the 8251 A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251 A by the CPU, SYNC characters or Command In- 
structions may be inserted. 

Command Instruction 

This lormat defines a staius word that is used to control the 
actual operation of the 8251 A. 

Both the Mode and Command Instructions must conform 
to a specified sequence for proper de vice operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 82 51 A for data com- 
munication. 

All control words written into the 8251 A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 82I51A at any time in 
the data block during the operation of the 8251 A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251 A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 
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Figure 7. Typical Data Block 
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Mode Instruction Definition 

The 8251 A can be used for either Asynchronous or Syn- 
chronous data communication. To understand how the 
Mode Instruction defines the functional operation of the 
8251 A, the designer can best view the device as two sepa- 
rate components sharing the same package, one Asynchro- 
nous the other Synchronous. The format definition can be 
changed only after a master chip Reset. For explanation 
purposes the two formats will be isolated. 

NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than 8 bits, the least 
significant Data Bus bits will hold the data; unused bits are 
"don't care" when writing data to the 8251 A, and will be 
"zeros" when reading the data from the 8251 A. 



Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 8251 A 
automatically adds a Start bit (low level) followed by the 
data bits (least significant bit first), and the programmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falli ng edg e of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 

When no data characters have been loaded into the 8251 A 
the TxD output remains "high" (marking) unless a Break 
(continuously low) has been programmed. 



Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center (16X or 64X mode only). If a low is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
pari ty b its are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel I/O buffer of the 
8251 A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251 A. 



BAUD RATE FACTOR 






1 





1 








1 


1 


SYNC 
MODE 


(1X) 


(16X) 


(64X) 



CHARACTER LENGTH 



BITS 



BITS 



BITS 



BITS 



PARITY ENABLE 
* 1 = ENABLE = DISABLE 
EVEN PARITY GENERATION/CHECK 
1 = EVEN = ODD 



NUMBER OF STOP BITS 





1 





1 








1 


1 


INVALID 


1 
BIT 


VA 
BITS 


2 

BITS 



(ONLY EFFECTS Tx; Rx NEVER 
REQUIRES MORE THAN ONE 
STOP BIT) 



Figure 8. Mode Instruction Format, 
Asynchronous Mode 



TRANSMITTER OUTPUT 



TxD MARKING 



GENERATED 
DO Dl Dx BY 8251 A 



DATA BITS 
-4 i 



PARITY 
BIT 



-1 ih- 

STOP 
J BITS 



RECEIVER INPUT 



DOES NOT APPEAR 
D0D1 Dx ON THE DATA BUS 



1L.4 



DATA BITS 
i J 



PARITY 
BIT 



STOP 
BITS 



L 
L 



PROGRAMMED 

CHARACTER 

LENGTH 



TRANSMISSION FORMAT 



CPU BYTE (5-8 BITS/CHAR) 

— ** ■' 



DATA CHARACTER 
(, 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



START 
BIT 



DATA CHARACTER 



STOP 

BITS 

it— 



RECEIVE FORMAT 



SERIAL DATA INPUT (RxD) 



DATA CHARACTER 
! t i .. ■■ 



STOP 
BITS 



CPU BYTE (5-8 BITS/CHAR)* 



DATA CHARACTER 



•NOTE: IF CHARACTER LENGJH IS QEFINED AS 5, 6 OR 7 
BITS THE UNUSED BITS ARE SET TO "ZERO" 



Figure 9. Asynchronous Mode 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251 A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC, Data is shifted out at the same 
rate as the TxC. 

Once transmission has starte d, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251 A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251 A is 
empty and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure below). The TxEMPTY pin is internally reset by a 
data character being written into the 8251 A. 

AUTOMATICALLY INSERTED BY USART 

/ \ 



TxD DATA DATA SYNC 1 SYNC 2 DATA 



" W^\V 



NOMINAL CENTER OF LAST BIT 

Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Da ta on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251 A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251 A out of th e HU NT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 

Parity error and overrun errorare both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in ! the buffer to a "one", thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 



the SYNDET F/F is reset at each Status Read, regardless of 
whether internal or external SYNC has been programmed. 
This does not cause the 8251 A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the "known" 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 



CHARACTER LENGTH 





1 





1 








1 


1 


5 
BITS 


6 
BITS 


7 
BITS 


8 
BITS 



► PARITY ENABLE 
(1 = ENABLE) 
(0= DISABLE) 



- EVEN PARITY GENERATION/CHECK 
1 = EVEN 
= ODD 



■ EXTERNAL SYNC DETECT 
1= SYNDET IS AN INPUT 
= SYNDET IS AN OUTPUT 



■■ >■ SINGLE CHARACTER SYNC 

1 = SINGLE SYNC CHARACTER 
= DOUBLE SYNC CHARACTER 

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 



Figure 10. Mode Instruction Format, 
Synchronous Mode 



CPU BYTES (5-8 BITS/CHAR) 



DATA CHARACTERS 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



SYNC 
CHAR 1 


SYNC 
CHAR 2 


DATA CHARACTERS 



RECEIVE FORMAT 



SERIAL DATA INPUT (RxD) 



SYNC 
CHAR 1 


SYNC 
CHAR 2 


DATA CHARACTERS 



CPU BYTES (5-8 BITS/CHAR) 

i( , __ 



DATA CHARACTERS 



Figure 11= Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 

Once the functional definition of the 8251 A has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 8251 A 
and Sync characters inserted, if necessary, then all further 
"control writes" (C/D = 1) will load a Command Instruc- 
tion. A Reset Operation (internal or external) will return 
the 8251 A to the Mode Instruction format 



EH IR RTS ER SBRK RxE DTR TxEN 



TRANSMIT ENABLE 
1 = enable 
= disable 



DATA TERMINAL 

READY 

"high" will force DTR 
output to zero 



RECEIVE ENABLE 
1 = enable 
= disable 



SEND BREAK 

CHARACTER 

1 = forces TxD "low" 

- normal operation 



ERROR RESET 

1 = reset error flags 

PE. OE, FE 



REQUEST TO SEND 
"high" will force RTS 
output to zero 



INTERNAL RESET 
"high" returns 82&1A to 
Mode Instruction Format 



ENTER HUNT MODE* 
1 = enable search, for Sync 
Characters 



* (HAS NO EFFECT 
IN ASYNCMODE) 



Note: Error Reset must be performed whenever RxEnable 
and Enter Hunt are programmed. 



Figure 12. Command Instruction Format 



STATUS READ DEFINITION 

In data communication systems it is often necessary to 
examine the "status" of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor's attention. The 8251A has facilities that allow 
the programmer to "read" the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 

A normal "read" command is issued by the CPU with C/D = 1 
to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY is an exception. 

Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 



DSR SYNDET FE 



TxEMPTY RxRDY TxRDY 



SAME DEFINITIONS AS I/O PINS 



PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251 A. 



OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 
It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251 A 
however, the previously c 
character is lost. 



FRAMING ERROR (Asynconly) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251 A. 



DATA SET READY: Indicates 
that the DSR is at a zero level. 



TxRDY status bit has different meanings from the 
Tx RDY output pin'. The former, is not conditioned 
byCTS and TxEN; the latter is conditioned by both 
CTS and TxEN. 
i.e. TxRDY status bit = DB Buffer Empty 

TxRDY pin out = DB Buffer Empty -(CTS=0)- 

(TxEN = 1) 



Figure 13. Status Read Format 
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APPLICATIONS OF THE 82S1A 











\_._ _...._ 




ADDRESS BUS 


• : i 










i 








CONTROL BUS 


i 




1 










\ , ■ , DATA BUS 


i 




w 


I 


7 | 






f 

8251 A 


VxD 
RxC 

fxC 


r — — — — i | 

* | FIA TO TTI U 1 


J CONVERT J ] 


f\ l \\ 




L J J 


CRT 
TERMINAL 


BAUD RATE 
GENERATOR 















ADDRESS BUS 



CONTROL BUS 



RxD 
TxD 



DTR 
CTS 



RxC 
fxC 



ASYNC 
MODEM 



BAUD 

RATE 

GENERATOR 



PHONE 
LINE 

INTER- 
FACE 



TELEPHONE 
LINE 



Figure 14. Asynchronous Serial Interface to CRT 
Terminal, DC— 9600 Baud 



Figure 16. Asynchronous Interface to Telephone 
Lines 





) ADDRESS BUS \ 


II 


) 


CONTROL BUS 


\ 




I I • ..1 1- 




\ DATA BUS \ 




IW 










RxD 
TxD 

8251 A RxC 

fxC 

SYNDET 




SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 






~~i 

















Figure 15. Synchronous Interface to Terminal or 
Peripheral Device 



ADDRESS BUS 



CONTROL BUS 



RxD 

TxD 
A 

R^C 

fxC 

SYNDET 

CTS 
RTS 



SYNC 
MODEM 



PHONE 
LINE 

INTER- 
FACE 



TELEPHONE 
LINE 



Figure 17. Synchronous Interface to Telephone 
Lines 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias C to 70 C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specif i- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c t Q 70°c, v cc = 5.ov ±5%, gnd = ov) 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 


Vcc 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh =-400jUA 


•OFL 


Output Float Leakage 




±10 


juA 


VoUT = V C C TO 0.45V 


«.L 


Input Leakage 




±10 


jLtA 


Vim = V C c TO 0.45V 


tec 


Power Supply Current 




100 


mA 


All Outputs = High 



CAPACITANCE (T A = 25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 




10 


pF 


fc=1MHz 


C|/0 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to GND 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5.ov ±5%, gnd - ov,) 
Bus Parameters (Note D 

READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Uf^ 


Address Stable Before READ (CS, C/D) 


#0 




ns : 


Note 2 


tRA 




50 




ns 


Note 2 


Address Hold Time for READ (CS, C/D) 


tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




250 


ns 


3,C L =150pF 


t D F 


READ to Data Floating 


10 


100 


ns 
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A.C. CHARACTERISTICS (Continued) 



WRITf CYCLE 












Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A w 


Address Stable Before WRITE 


50 




ns 




%A 


Address Hold Time for WRITE 


50 




ns 




t WW 


WRITE Pulse Width 


250 




ns 




tDW 


Data Set Up Time for WRITE 


150 




ns 




*WD 


Data Hold Time for WRITE 


50 




ns 




*RV 


Recovery Time Between WRITES 


6 




t C Y 


Note 4 



OTHER TIMINGS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*CY 


Clock Period 


320 


1350 


ns 


Notes 5, 6 


t0 


Clock High Pulse Width 


140 


tCY-90 


ns 




**■ 


Clock Low Pulse Width 


90 




ns 




tR.t F 


Clock Rise and Fall Time 




20 


ns 




*DTx 


TxD Delay from Falling Edge of TxC 




1 


MS 




hx , 


Transmitter input Ciock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




*TPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 
1 




*CY 
tCY 




*TPD 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


15 
3 




*CY 
tCY 




fRx 


Receiver Input Clock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tRPW 


Receiver Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 
1 




tCY 
tCY 




tRPD 


Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


15 
3 




tCY 
tCY 




*TxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


*CY 


Note 7 


tTxRDY CLEAR 


TxRDY I from Leading Edge of WR 




6 


r CY 


Note 7 


tRxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tCY 


Note 7 


tR x RDY CLEAR 


Rx R D Y I from Leadi ng Edge> of RD 




6 


t CY 


Note 7 


*•?.. 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tCY 


Note 7 


tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 


16 




tCY 


Note 7 


tTxEMPTY 


TxEMPTY Delay from Center of Last Bit 


20 




tCY 


Note 7 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn,DTR,RTS) 


8 




tCY 


Note 7 


tCR 


Control to READ Set-Up Time (DSR, CTS) 


20 




tCY 


Note 7 
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A.C. CHARACTERISTICS (Continued) 



NOTES: 

1. AC timings measured Vqh = 2.0, Vol = °-8. and witn 'oad circuit of Figure 1. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rpi- 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between Writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy- 

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1 x Baud Rate, fj x or f r x «s 1/(30 tcy) ; For 1 6x and 
64x Baud Rate, fj x or fR X *s 1/(4.5 tcy)- 

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) 




A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <~ 




A.C. TESTING : INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 







2 


V 

► 420S2 




8251 A 


^ 


7[1N914 




= c L 




C L = 150 pF 
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WAVEFORMS 










SYSTEM CLOCK INPUT 


CLOCK ft> 


HI? rj N*1° 


i — -* 


r~ \ r^^' 


liUic^ 



TRANSMITTER CLOCK AND DATA 




TxC"(1xMODE) \ 

TxC (16xMOOE) \f\j 

— +> 


i 






\ 


/ \ 


AAAAAAAAAAAAAAA^TVVAAAAAAAA/WVWVVVV 

[*~ *DTX ^TX" - *1 p 


X % X 



RECEIVER CLOCK AND DATA 



(Rx BAUD COUNTER STARTS HERE) 
\y_ START BIT 



RxCdxMODE) 



~)( DATA BIT 



_8RxC PERIODS _ 
(16xMODE) 



t 



-16 RxC PERIODS (16x MODE)- 



"as(»«oo.. \AAAAAAAAAjWWWWVWVWWWWWWWVV 

i r 



WRITE DATA CYCLE (CPU -* USART) 



DATA IN (D.B.) • 



tTxRDY CLEAR 

tWW • 



Jf 



V -— I t 



■ £ DATA STABLE $ ■ 



"waI/ 



READ DATA CYCLE (CPU - USART) 



DATA OUT (D.B.) 



Jri 



tRxRDY CLEAR 

— tRR , J 



DATA FLOAT 



|-*-tRD : 



^1 



- ^ DATA OUT ACTIVE } - 
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WAVEFORMS (Continued) 



WRITE CONTROL OR OUTPUT PORT CYCLE (CPU -» USART) 



DTR, RTS " 
(NOTE =1) ■ 



DATA IN (D.B.) 



. h- twc -*J 

W-l _ 





^ J? 






»ow - 


-*-J tWD 


-if 




3 ; 




Tl 


— 


tAW 


- »*| tWA 


■ / 


* 


tAW 


>• *\ tWA 


\ 



READ CONTROL OR INPUT PORT (CPU <- USART) 




I- l CR 


I 


Rd 
DATA OUT 


i i 


1 


-I |«-t RD -* 


h 


tDF 


__/■ 


\ 




(D.B.) 

— "| l AR 


^r 


J 




tRA|« 


C/D ... A 

*| tAR 


M ^ 


tRA |- 


CS \ 


/ ... 


NOTE #1: T wc INCLUDES THE RESPONSE TIMING OF A CONTROL BYT 
NOTE #2: T CR INCLUDES THE EFFECT OF CTS ON THE TxENBLCIRCU 


E.. 
TRY. 



TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 



Tx READY 
(STATUS BIT) 



Tx READY 
(PIN) 



-f 




Wr DATA 1 Wr DATA 2 

TZZL 



^T 



r~\ 



h t 



4 % 



~r\ 



Wr DATA 3 Wr DATA 4 

—\\n — \ 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 



J—\ 



J \_ 



^rrr k \ 



DATA CHAR 4 
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WAVEFORMS (Continued) 



RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 



n 



c"»_J V_ 



\/X3Qcxixxru]QaaaaGC7Kmm]ac7^ \ 






IT CHARACTER WITH PARITY & 2 STOP BITS 



4 \ 



' S5 I* 



TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 



\-TX-J 



fj 



11 — Kn^i 



MARKING STATE 







tW 



t CHAR 5 CHAH LTC 



FORMAT = 5 BIT CHARACTER WITH PARITY. 2 SYNC CHARACTERS. 



RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 



_r 



TL 



n 



/l_NOTE2_fl 




_/T 



V 



HIT 



W 



n 



\ t 



SET SYN DET (STATUS BIT) 



SET SYNDET (STATUS BIT) 
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PROGRAMMABLE INTERVAL TIMER 



■ MCS-85™ Compatible 8253-5 

■ 3 Independent 16-Bit Counters 

■ DC to 2 MHz 

■ Programmable Counter Modes 



■ Count Binary or BCD 

■ Single + 5V Supply 

■ 24-Pin Dual In-Line Package 



The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 




D 7 C 

o B L 

D 5 C 3 22 

D 4 C 4 21 

D 3 C 5 20 

D 2 C 6 8253 19 

D,L 7 18 

D E 8 17 

CLKOCJ 9 16 
OUT0I 
GATEO 
GNDC 



L 10 

C 11 



3v cc 

UWR 

Drd 
Dcs 
IK 
Ha 

3 CLK 2 
DOUT2 
13 GATE 2 
DCLK1 
3 GATE 1 
DOUT1 



INTERNAL BUS 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

General 

The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel™ Micro- 
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system-;* the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity i then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

• Programmable Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 

3. Reading the count values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD(Read) 

A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 



AO, A1 

These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 

CS (Chip Select) 

A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 



sCOl 



BUFFER 



READ/ 
WRITE 
tOGIC 



Z 1 \. COUNTER 

\ — y #0 



INTERNAL BUS - 



-CLK0 

- GATE 

-OUT0 



-CLK1 
- GATE 1 
i-GUTT 



-CLK2 
-GATE 2 
•►OUT 2 



Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 



CS 


RD 


WR 


Ai 


A 







; . 1 .. 











Load Counter No. 





r 1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation 3-State 


1 


X 


X 


X 


X 


Disable 3-State 





1 


1 


X 


X 


No-Operation 3-State 
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Control Word Register 

The Control Word Register is selected when AO, A1 are 1 1 . 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions, 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 

The 8253 is a component of the Intel™ Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel® 8205 for larger systems. 



d 7 -A- 
D <>V 




INTERNALBUS - 



-CLK2 
•c GATE 2 
► OUT 2 



Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 



ADDRESS BUS (16) 
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Figure 5. 8253 System Interface 
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M - MODE: 



OPERATIONAL DESCRIPTION 

General 

The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. Prior to initialization, the MODE, count, and 
output of all counters is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 

Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Control Word Format 



D 7 


D 6 


D5 


D 4 


D 3 


D 2 


Di 


Do 


SC1 


SCO 


RL1 


RLO 


M2 


M1 


MO 


BCD 



Definition of Control 
SC — Select Counter 
SCI SCO 









Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Illegal 


RL - Read/Load: 
RL1 RLO 








Counter Latching operation (see 
READ/WRITE Procedure Section) 


1 





Read/Load most significant byte only. 





1 


Read/Load least significant byte only. 


1 


1 


Read/Load least significant byte first, 
then most significant byte. 



M2 


M1 


MO 













ModeO 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 



BCD: 






Binary Counter T6-bits 


1 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 



Counter Loading 

The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new Count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 

Rewriting a counter register during counting results in 
the following: 

(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 

MODE 3: Square Wave Rate Generators i mi lar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall- 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the 
output will be high for (N + 1)/2 counts and low for 
(N-1)/2 counts. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 



If the count register is reloaded between output pulses, 
counting will continue from the new value. The count 
will be inhibited while the gate input is low. Reloading 
the counter register will restart counting beginning with 
the new number. 



MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go low until the full count after the rising 
edge of any trigger. 



^^^^^ Signal 

^\Status 

Modes ^^-^ 


Low 

Or Going 

Low 


Rising 


High 





Disables 
counting 


— 


Enables 
counting 


1 




1) Initiates 
counting 

2) Resets output 
after next clock 




2 


1) Disables 
counting 

2) Sets output 
immediately 
high 


1) Reloads 
counter 

2) Initiates 
counting 


Enables 
counting 


3 


1) Disables 

counting 

2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


4 


Disables 
counting 





Enables 
counting 


5 


— .. , , 


Initiates 
counting 






Figure 6. Gate Pin Operations Summary 
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MODE 0: Interrupt on Terminal Count 



KJ^^J^J1J^J1J^J^J^J^J^JX^L 



WrTn^_ 




r 


• i 

4 3 2 10 














OUTPUT (INTERRUPT) 


i r 








(n 


= 4) 

r 


|« ' n ■' 






I I 




WRm "L 


i I 












GATE — 






- il I i 

5 4 3 


2 





OUTPUT (INTERRUPT) 






-J 



MODE 3: Square Wave Generator 

clock JlSirLTiTUTlSirLnJlJlJlJl^ 

4 2 4 2 4 2 4 2 4 2 4 2 4 
OUTPUT(n = 4) II I I I I T "" 

5 4 2 5 2 5 4 2 5 2 5 4 2 
OUTPUT (n = 5) I I I II 



MODE 1: Programmable One-Shot 

CL0CK JTJTJTJTJTJTUTIJTJT^^ 



WRn 
TRIGGER 
OUTPUT 

TRIGGER _ 
OUTPUT 



J" 



4 3 2 10 

i r 



4 3 2 4 3 2 1 

i r 



MODE 4: Software Triggered Strobe 

clock JTTUTnJTJTJTJTJr^^ 



4 3 2 10 



LOADn 

GATE 

OUTPUT 



4 3 2 10 



MODE 2: Rate Generator 

clock .JTnJTJTJTJTJTJTJlJTJTJ"^^ 



WRn 
OUTPUT 



4 3 2 1 0(4) 3 2 1 0(3) 2 



013) 
OUTPUT (n = 3} -j , p— 



3 2 1 0(3) 2 1 0(3) 2 1 



MODE 5: Hardware Triggered Strobe 

clock JIJTJTJTJXTUTJTJIXIJIJT^ 



GATE r 



OUTPUT (n = 4) 



OUTPUT (n = 4) 



4 3 2 10 



4 3 4 3 2 10 



Figure 7. 8253 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 

Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does r^ot 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2 16 for Binary or 10 4 for BCD). In MODE 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 











MODE Control Word 
Counter n 




_ Count Register byte 
Counter n 


Count Register byte 
Mod _ 

Counter n 




Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 



Figure 8. Programming Format 





A1 


A0 


MODE Control Word 
Counter 


T 




MODE Control Word 
Counter 1 


1 




MODE Control Word 
Counter 2 


1 




_ Count Register Byte 
Counter 1 







Count Register Byte 
MSB Counter 1 







i cd Count Register Byte 

LoB ,_ _ 

Counter 2 


1 





.... Count Register Byte 
MSB Counter 2 


1 





i cd Count Register Byte 

LoB _ _ 

Counter 








Count Register Byte 
Mod _ _ 
Counter 









No. 1 
No. 2 
No. 3 
No. 4 

No. 5 
No. 6 

No. 7 

No. 8 
No. 9 



Note: The exclusive addresses of each counter's count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 



Figure 9. Alternate Programming Formats 
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Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AG, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first I/O Read contains the least significant byte (LSB). 

second I/O Read contains the most significant byte 
(MSB). 

Due to the internal iogic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 



Read Operation Chart 



A1 


AO 


RD 













Read Counter No. 





1 





Read Counter No. 1 


1 








Read Counter No. 2 


1 


1 





Illegal 



Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter "on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

MODE Register for Latching Count 

A0,A1 = 11 



D7 


P6 


D5 


P4 


D3 


D2 


D1 


DO 


SC1 


SCO 








X 


X 


X 


X 



SC1.SC0— specify counter to be latched. 

D5.D4 — 00 designates counter latching operation. 

X — don't care. 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the counter's mode. 
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s. 



Figure 10. MCS-85™ Clock Interface* 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground -0.5Vto+7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±10%) 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


Vil 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 


V CC +-5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


Voh 


Output High Voltage 


2.4 




V 


Note 2 


IlL 


Input Load Current 




±10 


ma 


V|n = V CC to 0V 


>OFL 


Output Float Leakage 




±10 


ma 


Vqut = V CC to0V 


•cc 


Vqc Supply Current 




140 


mA 





CAPACITANCE (T A = 25°c, v C c = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc=1MHz 


C l/0 


I/O Capacitance 






20 


P F 


Unmeasured pins returned to Vss 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5.ov ±5%, gnd = ov) 



Bus Parameters (Note 3) 
READ CYCLE 



Symbol 


Parameter 


8253 


8253-5 


Unit 


Min. 


Max. 


Min. 


Max. 


tAR 


Address Stable Before R EAD 


50 




30 




ns 


*RA 


Address Hold Time for READ 


5 




5 




ns 


tRR 


READ Pulse Width 


400 




300 




ns 


tRD 


Data Delay From READL 4 J 




300 




200 


ns 


tDF 


READ to Data Floating 


25 


125 


25 


100 


ns 


*RV 


Recovery Time Between READ 
and Any Other Control Signal 


1 




1 




'US 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



NOTES: 

1. I l = 2.2 mA. 

2. I H = -400 fxA. 

3. AC timings measured at Voh 2.2, Vol = 0.8. 

4. C L = 150pF. 



Symbol 






8253 


8253-5 


Unit 


Parameter 


Min. 


Max. 


Min. 


Max. 


*AW 


Address Stable Before WR ITE 


50 




30 




ns 


*WA 


Address Hold Time for WRITE 


30 




30 




ns 


tyvw 


WRITE Pulse Width 


400 




300 




ns 


tow 


Data Set Up Time for WR ITE 


300 




250 




ns 


*WD 


Data Hold Time for WRITE 


40 




30 




ns 


*RV 






1 




1 




MS 


Recovery Time Between WRITE 
and Any Other Control Signal 


CLOCK AND GATE TIMING 


Symbol 


Parameter 


8253 


8253-5 


Unit 


Min. 


Max. 


Min. 


Max. 


tCLK 


Clock Period 


380 


dc 


380 


dc 


ns 


tpWH 


High Pulse Width 


230 




230 




ns 


tpWL 


Low Pulse Width 


150 




150 




ns 


*GW 


Gate Width High 


150 




150 




ns 


tGL 


Gate Width Low 


100 




100 




ns 


tQS 


Gate Set Up Time to CLKt 


100 




100 




ns 


tGH 


Gate Hold Time After CLKt 


50 




50 




ns 


tOD 


Output Delay From CLKIW 




400 




400 


ns 


tQDG 


Output Delay From Gatel W 




300 




300 


ns 



A.C. TESTING INPUT OUTPUT WAVEFORM 




^> TEST POINTS <^ 




A C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC T' 
AND 0.8V FOR A LOGIC 0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



WRITE TIMING 



*o.,.cs 



ex 



X 



*WA 



%-i 



X 



*= 



READ TIMING 



Aq-i.cs X 



XZT 



- -Ht DF L_ 



WyyMW/WMWJWMWW/t, 



//////S////S////SS////// 



HIGH IMPEDANCE 

V/////////////////S 



CLOCK AND GATE TIMING 



♦Wh* 



A 



*GH" 



--Hi Hi H\ 



X 



^D-* 



iw' 



-tQH 



X 
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8254 
Programmable Interval Timer 



■ Compatible with Most Micro- 
processors Including 8080A, 8085A, 
iAPX 88 and iAPX 86 

■ Handles Inputs from DC to 5 MHz 
(10 MHz for 8254-2) 

■ Six Programmable Counter Modes 

■ Status Read-Back Command 



■ Three Independent 16-bit Counters 

■ Binary or BCD Counting 

■ Single +5V Supply 

■ Uses HMOS Technology 



The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in microcomputer 
system design. It provides three independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All 
modes are software programmable. 

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package. 



A K DATA /L_K 

D 7 D < 8 ) BUS ( ) 

\| y BUFFER Yk 



A - 
Ai- 



-**0| READ/ 
WRITE 
LOGIC 



CONTROL 

WORD 
REGISTER 



o 



o 



£ 



6 



-CLKO 

-GATE0 

-OUT0 



-CLK2 
- GATE 2 
►OUT 2 



Figure 1. 8254 Block Diagram 



Ded 

D 4 C 
D 3 C 
D 2 C 

DoC 

CLKOC 

OUT0C 

GATE C 

GNDE 



3 Vcc 

H WR 
D RD 

Hcs 

DA! 
DAo 
HCLK2 
I] OUT 2 
3 GATE 2 
HCLK1 
3 GATE 1 
HOUT1 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


D 7 -D 


1-8 


I/O 


Data: Bi-directional three state data bus 
lines, connected to system data bus. 


CLKO 


9 


I 


Clock 0: Clock input of Counter 0. 


OUTO 


10 





Output 0: Output of Counter 0. 


GATEO 


11 


I 


Gate 0: Gate input of Counter 0. 


GND 


12 




Ground: Power supply connection. 



Symbol 


Pin No. 


Type 


Name and Function 


Vcc 


24 




Power. +5V power supply connection. 


WR 


23 


I 


Write Control: This input is low during CPU 
write operations. 


RD 


22 


I 


Read Control: This input is low during CPU 
read operations. 


CS 


21 


I 


Chip Select: A low on this input enables the 
8254 to respond to RD and WR signals. RD 
and WR are ignored otherwise. 


A^Aq 


20-19 


I 


Address: Used to select one of the three 
Counters or the ControlWord Register for 
read or write operations. Normally con- 
nected to the system address bus. 








A-| A Selects 




1 
1 



1 

1 


Counter 
Counter 1 
Counter 2 
Control Word Register 




CLK2 


18 


I 


Clock 2: Clock input of Counter 2. 


OUT 2 


17 


O 


Out 2: Output of Counter 2. 


GATE 2 


16 


I 


Gate 2: Gate input of Counter 2. 


CLK1 


15 


I 


Clock 1: Clock input of Counter 1. 


GATE1 


14 


I 


Gate 1: Gate input of Counter 1. 


OUT1 


13 





Out 1: Output of Counter 1. 



FUNCTIONAL DESCRIPTION 



General 

The 8254 is a programmable interval timer/counter de- 
signed for use with Intel microcomputer systems. It is a 
general purpose, multi-timing element that can be treated 
as an array of I/O ports in the system software. 

The 8254 solves one of the most common problems in 
any microcomputer system, the generation of accurate 
time delays under software control. Instead of setting 
up timing loops in software, the programmer configures 
the 8254 to match his requirements and programs one of 
the counters for the desired delay. After the desired 
delay, the 8254 will interrupt the CPU. Software over- 
head is minimal and variable length delays can easily be 
accommodated. 

Some of the other counter/timer functions common to 
microcomputers which can be implemented with the 
8254 are: 

• Real time clock 

• Event counter 

• Digital one-shot 

• Programmable rate generator 

• Square wave generator 

• Binary rate multiplier 

• Complex waveform generator 

• Complex motor controller 



Block Diagram 

DATA BUS BUFFER 

This 3-state, bi-directional, 8-bit buffer is used to inter- 
face the 8254 to the system bus (see Figure 3). 
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Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 
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READ/WRITE LOGIC 

The Read/Write Logic accepts Inputs from the system 
bus and generates control signals for the other func- 
tional blocks of the 8254. Ai and A select one of the 
three counters or the Control Word Register to be read 
from/written into. A "low" on the RD input tells the 8254 
that the CPU is reading one of the counters. A "low" on 
the WR input tells the 8254 that the CPU is writing either 
a Control Word or an initial^ count. Both RD and WR are 
qualified by CS; RD and WR arejgnored unless the 8254 
has been selected by holding CS low. 

CONTROL WORD REGISTER 

The Control Word Register (see Figure 4) is selected by 
the Read/Write Logic when A 1} A = 11. If the CPU then 
does a write operation to the 8254, the data is stored in 
the Control Word Register and is interpreted as a Con- 
trol Word used to define the operation of the Counters. 

The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 
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Figure 5. Internal Block Diagram of a Counter 
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Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 

COUNTER 0, COUNTER 1, COUNTER 2 

These three functional blocks are identical in operation, 
so only a single Counter will be described. The internal 
block diagram of a single counter is shown in Figure 5. 

The Counters are fully independent. Each Counter may 
operate in a different Mode. 

The Control Word .Register is shown in the figure; it is 
not part of the. Counter itself, but its contents determine 
how the Counter operates. 



The status register, shown in the Figure, when latched, 
contains the current contents of the Control Word 
Register and status of the output and null count flag. 
(See detailed explanation of the Read-Back command.) 

The actual counter is labelled CE (for "Counting Ele- 
ment"). It is a 16-bit presettable synchronous down 
counter. 

OL M and OL L are two 8-bit latches. OL stands for "Out- 
put Latch"; the subscripts M and L stand for "Most sig- 
nificant byte" and "Least significant byte" respectively. 
Both are normally referred to as one unit and called just 
OL. These latches normally "follow" the CE, but if a 
suitable Counter Latch Command is sent to the 8254, 
the latches "latch" the present count until read by the 
CPU and then return to "following-'! .the CE. One latch at 
a time is enabled by the counter's Control Logic to drive 
the internal bus. This is how the 16-bit Counter com- 
municates over the 8-bit internal bus. Note that the CE 
itself cannot be read; whenever you read the count, it is 
the OL that is being read. 

Similarly, there are two 8-bit registers called CR M and 
CR|_ (for "Count Register"). Both are normally referred to 
as one unit and called just GR. When a new count is writ- 
ten to the Counter, the count is stored in the CR and 
later transferred to the CE. The Control Logic allows one 
register at a time to be loaded from the internal bus. 
Both bytes are transferred to the CE simultaneously. 
CR M and CR L are cleared when the Counter is pro- 
grammed. In this way, if the Counter has been pro- 
grammed for one byte counts (either most significant 
byte only or least significant byte only) the other byte 
will be zero. Note that the CE cannot be Written into; 
whenever a count is written, it is written into the CR. 

The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside 
world through the Control Logic. 
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8254 SYSTEM INTERFACE 



OPERATIONAL DESCRIPTION 



The 8254 is a component of the Intel Microcomputer Sys- 
tems and interfaces in the same manner as all other pe- 
ripherals of the family. It is treated by the systems software 
as an array of peripheral I/O ports; three are counters and 
the fourth is a control register for MODE programming. 

Basically, the select inputs Ag, A-| connect to the A , A-j 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel 8205 for larger systems. 



General 

After power-up, the state of the 8254 is undefined. The 
Mode, count value, and output of all Counters are 
undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be pro- 
grammed. 
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Figure 6. 8254 System Interface 



Programming the 8254 

Counters are programmed by writing a Control Word 
and then an initial count. 

All Control Words are written into the Control Word 
Register, which is selected when Ai,Ao=11. The Con- 
trol Word itself specifies which Counter is being pro- 
grammed. 

By contrast, initial counts are written into the Counters, 
not the Control Word Register. The A^An inputs are 
used to select the Counter to be written into. The format 
of the initial count is determined by the Control Word 
used. 



Control Word Format 

A 1 ,A =11 CS = RD=1 WR = ; 



D 7 


D 6 


D 5 


D 4 


D3 


D 2 


D1 


Do 


SC1 


SCO 


RW1 


RWO 


M2 


M1 


MO 


BCD 



SC — Select Counter: 
SC1 SCO 









Select Counter 





1 


Select Counter 1 


1 





Select Counter 2 


1 


1 


Read-Back Command 
(See Read Operations) 



RW - Read/Write: 
RW1 RWO 









Counter Latch Command (see Read 
Operations) 





1 


Read/Write least significant byte only. 


1 





Read/Write most significant byte only. 


1 , 


1 


Read/Write least significant byte first, 
then most significant byte. 



NOTE: DON'T CARE BITS (X) SHOULD BE TO INSURE 
COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 



M - MODE: 
M2 M1 MO 












ModeO 








1 


Model 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


i 





1 


Mode 5 


BCD: 





Binary Counter 16-bits 


1 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 



Figure 7. Control Word Format 
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Write Operations 

The programming procedure for the 8254 is very flexible. 
Only two conventions need to be remembered: 

1) For each Counter, the Control Word must be written 
before the initialcount is written. 

2) The initial count must follow the count format 
specified in the Control Word (least significant byte 
only, most significant byte only, or least significant 
byte and then most significant byte). 

Since the Control Word Register and the three Counters 
have separate addresses (selected by the Ai,A inputs), 
and each Control Word specifies the Counter it applies 
to (SC0,SC1 bits), no special instruction sequence is re- 



quired. Any programming sequence that follows the 
conventions above is acceptable. 

A new initial count may be written to a Counter at any 
time without affecting the Counter's programmed Mode 
in any way. Counting will be affected as described in the 
Mode definitions. The new count must follow the pro- 
grammed count format. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first and 
second byte to another routine which also writes into 
that same Counter. Otherwise, the Counter will be 
loaded with an incorrect count. 





A "l 


A 




Ai 


Ao 


Control Word — Counter 


1 


1 


Control Word — Counter 2 




1 


LSB of count — Counter 








Control Word — Counter 1 




1 


MSB of count — Counter 








Control Word — Counter 




1 


Control Word — Counter 1 


1 


i 


LSB of count — Counter 2 







LSB of count — Counter 1 





1 


MSB of count — Counter 2 







MSB of count — Counter 1 





1 


LSB of count — Counter 1 





1 


Control Word — Counter 2 


1 


1 


MSB of count — Counter 1 





1 


LSB of count — Counter 2 


1 





LSB^>f count — Counter 








MSB of count — Counter 2 


1 





MSB of count — Counter 










A, 


Ao 




Ai 


A 


Control Word — Counter 


1 


1 


Control Word — Counter 1 


1 


1 


Control Word — Counter 1 


1 


1 


Control Word — Counter 


1 


1 


Control Word — Counter 2 


1 


1 


LSB of count — Counter 1 





1 


LSB of count — Counter 2 


1 





Control Word — Counter 2 


1 


1 


LSB of count — Counter 1 





1 


LSB of count — Counter 








LSB of count — Counter 








MSB of count — Counter 1 





1 


MSB of count — Counter 








LSB of count — Counter 2 


1 





MSB of count — Counter 1 





1 


MSB of count — Counter 








MSB of count — Counter 2 


1 





MSB of count — Counter 2 


1 





NOTE: IN ALL FOUR EXAMPLES, ALL COUNTERS ARE PROGRAMMED TO READ/WRITE TWO-BYTE COUNTS. 






THESE ARE ONLY FOUR OF MANY POSSIBLE PROGRAMMING SEQUENCES. 









Figure 8. A Few Possible Programming Sequences 



Read Operations 

It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easily 
done in the 8254. 

There are three possible methods for reading the 
Counters. The first is through the Read-Back command, 



which is explained later. The second is a simple read 
operation of the Counter, which is selected with the 
A-|,A(> inputs. The only requirement is that the CLK input 
of the selected Counter must be inhibited by using 
either the GATE input or external logic. Otherwise, the 
count may be in process of changing when it is read, giv- 
ing an undefined result. 
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COUNTER LATCH COMMAND 

The other method involves a special software command 
called the "Counter Latch Command". Like a Control 
Word, this command is written to the Control Word 
Register, which is selected when A^Ag- 11. Also like a 
Control Word, the SC0,SC1 bits select one of the three 
Counters, but two other bits, D5 and D4, distinguish this 
command from a Control Word. 



A 1 ,A =11; CS=0; RD=1; WR=0 



D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


SC1 


SCO 








X 


X 


X 


X 



SC1,SC0 — specify counter to be latched 
SC1 SCO Counter 















1 


1 


1 





2 


1 


1 


Read-Back Command 



D5,D4 — 00 designates Counter Latch Command 
X — don't care 



NOTE: DON'T CARE BITS (X) SHOULD BE TO INSURE 

COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 



Figure 9. Counter Latching Command Format 



The selected Counter's output latch (OL) latches the 
count at the time the Counter Latch Command is re- 
ceived. This count is held in the latch until it is read by 
the CPU (or until the Counter is reprogrammed). The 
count is then unlatched automatically and the OL 
returns to "following" the counting element (CE). This 
allows reading the contents of the Counters "on the fly" 
without affecting counting in progress. Multiple 
Counter Latch Commands may be used to latch more 
than one Counter. Each latched Counter's OL holds its 
count until It is read; Counter Latch Commands do not 
affect the programmed Mode of the Counter 1n any way. 

If a Counter is latched and then, some time later, latch- 
ed again before the count is read, the second Counter 
Latch Command is ignored. The count read will be the 
count at the time the first Counter Latch Command was 
issued. 

With either method, the count must be read according 
to the programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be 
read. The two bytes do not have to be read one right 
after the other; read or write or programming operations 
of other Counters may be inserted between them. 



Another feature of the 8254 is that reads and writes of 
the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the follow- 
ing sequence is valid. 

1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write new most significant byte. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between reading the first and 
second byte to another routine which also reads from 
that same Counter. Otherwise, an incorrect count will be 
read. 

READ-BACK COMMAND 

The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 

The command is written into the Control Word Register 
and has the format shown in Figure 10. The command 
applies to the counters selected by setting their corre- 
sponding bits D3,D2,D1=1, 



A0, A1 = 11 CS = RD = 1 WR = 



D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


1 


1 






CNT2 


CNT1 


CNTO 





COUNT 


STATUS 



D 5 : = LATCH COUNT OF SELECTED COUNTER(S) 

D 4 : = LATCH STATUS OF SELECTED COUNTER(S) 

D 3 : 1 = SELECT COUNTER 2 

D 2 : 1 = SELECT COUNTER 1 

Di : 1 = SELECT COUNTER 

D : RESERVED FOR FUTURE EXPANSION; MUST BE 



Figure 10. Read-Back Command Format 



The read-back command may be used to lat ch mult iple 
counter output latches (OL) by setting the COUNT bit 
D5=0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter 
latch commands, one for each counter latched. Each 
counter's latched count is held until it is read (or the 
counter is reprogrammed). That counter is automatically 
unlatched when read, but other counters remain latched 
until they are read. If multiple count read-back commands 
are issued to thesame counter without reading the count, 
all but the first are ignored; i.e., the count which will be 
read is the count at the time the first read-back command 
was issued. 

The read-back command may also be used to latch 
status in formation of selected counter(s) by setting 
STATUS bit D4 = 0. Status must be latched to be read; 
status of a counter is accessed by a read from that 
counter. 
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The counter status format is shown in Figure 11. Bits D5 
through DO contain the counter's programmed Mode ex- 
actly as written in the last Mode Control Word. OUTPUT 
bit D7 contains the current state of the OUT pin. This 
allows the user to monitor the counter's output via soft- 
ware, possibly eliminating some hardware from a 
system. 





O7 06 Ds D4 D3 D2 D1 Do 






OUTPUT 


NULL 
COUNT 


RW1 


RWO 


M2 


M1 


MO 


BCD 






D7 1 = OUT PIN IS 1 

= OUT PIN IS 
D 6 1 = NULL COUNT 

= COUNT AVAILABLE FOR READING 
D5-D0 COUNTER PROGRAMMED MODE (SEE FIGURE 7) 





Figure 11. Status Byte 



NULL COUNT bit D6 indicates when the last count writ- 
ten to the counter register (CR) has been loaded into the 
counting element (CE). The exact time this happens de- 
pends on the Mode of the counter and is described in 
the Mode Definitions, but until the count is loaded into 
the counting element (CE), it can't be read from the 
counter. If the count is latched or read before this time, 
the count value will not reflect the new count just writ- 
ten. The operation of Null Count is shown in Figure 12. 



THIS ACTjON: CAUSES: 

WRITE TO THE CONTROL WORD REGISTER:" 1 NULL C0UNT=1 



WRITE TO THE COUNT REGISTER (CR); 



i^ 



NULL C0UNT=1 
NULLCOUNT=0 



NEW COUNT IS LOADED INTO CE (CR-»CE); 

1 ONLY THE COUNTER SPECIFIED BY THE CONTROL WORD WILL HAVE 
ITS NULL COUNTSET TO 1 . NULL COUNT BITS OF OTHER COUNTERS 
ARE UNAFFECTED. 

' IF THE COUNTER IS PROGRAMMED FOR TWO-BYTE COUNTS (LEAST 
SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE) NULL COUNT 
GOES TO 1 WHEN THE SECOND BYTE IS WRITTEN. 



Figure 12. Null Count Operation 



If multiple status latch operations of the counters) are 
performed without reading the status, all but the first 
are ignored; i.e., the status that will be read is the status 
of the counter at the time the first status read-back com- 
mand was issued. 

Both count and status of the selected coun ter(s) ma y b© 
latched simultaneously by setting both COUNT and 
STATUS bits D5,D4=0. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if mul- 
tiple count and/or status read-back commands aire issued 
to the same counter(s) without any intervening reads, all 
but the first are ignored. This is illustrated in Figure 13. 





D 7 D 6 


Command 
D 5 D 4 D 3 D 2 


Di 


Do 


Description 


Result 






1 


1 














1 





Read back count and status of 
Counter 


Count and status latched 
for Counter 




1 


1 


1 








1 








Read back status of Counter 1 


Status latched for Counter 1 


1 


1 


1 





1 


1 








Read back status of Counters 2, 1 


Status latched for Counter 
2, but not Counter 1 


1 


1 





1 


1 











Read back count of Counter 2 


Count latched for Counter 2 


1 


1 











1 








Read back count and status of 
Counter 1 


Count latched for Counter 1, 
but not status 


1 


1 


1 











V,. 





Read back status of Counter 1 


Command ignored, status 
already latched for Counter 1 























Figure 13. Read-Back Command Example 



8-76 



irrteT 



8254 



raiyiMiofiiyyHV 



If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmed for one or two type counts) return latched 
count. Subsequent reads return unlatched count. 
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Figure 14. Read/Write Operations Summary 



Mode Definitions 

The following are defined for use in describing the 
operation of the 8254. 

CLK pulse: a rising edge, then a failing edge, in that 

order, of a Counter's CLK input, 
trigger: a rising edge of a Counter's GATE input. 
Counter loading: the transfer of a count from the CR 

to the CE (refer to the "Functional 

Description") 



MODE 0: INTERRUPT ON TERMINAL COUNT 

Mode is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will re- 
main low until the Counter reaches zero. OUT then goes 
high and remains high until a new count or a new Mode 
Control Word is written into the Counter. 

GATE=1 enables counting; GATE = disables count- 
ing. GATE has no effect on OUT. 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so 
for an initial count of N, OUT does not go high until N + 1 
CLK pulses after the initial count is written. 

If a new count is written to the Counter, it will be loaded 
on the next CLK pulse and counting will continue from 
the new count. If a two-byte count is written, the follow- 
ing happens: 



1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required) 

2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 

This allows the counting sequence to be synchronized 
by software. Again, OUT does not go high until N + 1 
CLK pulses after the new count of N is written. 

If an initial count is written while GATE = 0, it will still be 
loaded on the next CLK pulse. When GATE goes high, 
OUT will go high N CLK pulses later; no CLK pulse is 
needed to load the Counter as this has already been 
done. 
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NOTE: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING, DIAGRAMS: 

1. COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCD) COUNTING AND FOR 
READING/WRITING LEAST SIGNIFICANT BYTE (LSB) ONLY. 

2. THE COUNTER IS ALWAYS SELECTED (C"§ ALWAYS LOW). 

3. CW STANDS FOR "CONTROL WORD"; CW = 10 MEANS A CONTROL WORD OF 10, 
HEX IS WRITTEN TO THE COUNTER. 

4. LSB STANDS FOR "LEAST SIGNIFICANT BYTE" OF COUNT. 

5. NUMBERS BELOW DIAGRAMS ARE COUNT VALUES. 
THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE. 

THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER 

IS PROGRAMMED TO READ/WRITE LSB ONLY, THE MOST SIGNIFICANT BYTE 

CANNOT BE READ. 

N STANDS FOR AN. UNDEFINED COUNT. 

VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES. 



Figure 15. Mode 
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MODE 1: HARDWARE RETRIGGERABLE ONE-SHOT 

OUT will be initially high. OUT will go low on the CLK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. OUT 
will then go high and remain high until the CLK pulse 
after the next trigger. 

After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot pulse N CLK cycles in duration. 
The one-shot is retriggerable, hence OUT will remain 
low for N CLK pulses after any trigger. The one-shot 
pulse can be repeated without rewriting the same count 
into the counter. GATE has no effect on OUT. 

If a new count is written to the Counter during a one- 
shot pulse, the current one-shot is not affected unless 
the Counter is retriggered. In that case, the Counter is 
loaded with the new count and the one-shot pulse con- 
tinues until the new count expires. 



MODE 2: RATE GENERATOR 

This Mode functions like a divide-by-N counter. It is 
typiclaly used to generate a Real Time Clock interrupt. 
OUT will initially be high. When the initial count has 
decremented to 1 , OUT goes low for one CLK pulse. OUT 
then goes high again, the Counter reloads the initial 
count and the process is repeated. Mode 2 is periodic; 
the same sequence is repeated indefinitely. For an in- 
itial count of N, the sequence repeats every N CLK 
cycles. 

GATE = 1 enables counting; GATE = disables count- 
ing. If GATE goes low during an output pulse, OUT is set 
high immediately. A trigger reloads the Counter with the 
initial count on the next CLK pulse; OUT goes low N 
CLK pulses after the trigger. Thus the GATE input can 
be used to synchronize the Counter. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT goes 
low N CLK Pulses after the initial count is written. This 
allows the Counter to be synchronized by software also. 
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Figure 16. Mode 1 



Figure 17. Mode 2 
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Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
period, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at 
the end of the current counting cycle. 



MODE 3: SQUARE WAVE MODE 

Mode 3 is typically used for Baud rate generation. Mode 
3 is similar to Mode 2 except for the duty cycle of OUT. 
OUT will initially be high. When half the initial count has 
expired, OUT goes low for the remainder of the count. 
Mode 3 is periodic; the sequence above is repeated in- 
definitely. An initial count of N results in a square wave 
with a period of N CLK cycles. 

GATE=1 enables counting; GATE = disables coun- 
ting. If GATE goes low while OUT is low, OUT is set high 
immediately; no CLK pulse is required. A trigger reloads 
the Counter with the initial count on the next CLK pulse. 
Thus the GATE input can be used to synchronize the 
Counter. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
allows the Counter to be synchronized by software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next CLK pulse and counting 
will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current half-cycle. 

Mode 3 is implemented as follows: 

Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by 
two on succeeding CLK pulses. When the count expires 
OUT changes value and the Counter is reloaded with the 
initialcount. The above process is repeated indefinitely. 

Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK pulse 
and then is decremented by two on succeeding CLK 
pulses. One CLK pulse after the count expires, OUT 
goes low and the Counter is reloaded with the initial 
count minus one. Succeeding CLK pulses decrement 
the count by two. When the count expires, OUT goes 
high again and the Counter is reloaded with the initial 
count minus one. The above process is repeated in- 
definitely. So for odd counts, OUT will be high for 
(N + 1)/2 counts and low for (N - 1)/2 counts. 
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Figure 18. Mode 3 



MODE 4: SOFTWARE TRIGGERED STROBE 

OUT will be initially high. When the initial count expires, 
OUT will go low for one CLK pulse and then go high 
again. The counting sequence is "triggered" by writing 
the initial count. 

GATE=1 enables counting; GATE = disables count- 
ing. GATE has no effect on OUT. 

After writing a Control Word and initial count, the 
Counter will' be loaded on the next CLK pulse. This CLK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK 
pulses after the initial count is written. 

If a new count is written during counting, it will be load- 
ed on the next CLK pulse and counting will continue 
from the new count. If a two-byte Count is written, the 
following happens: 

1) Writing the first byte has no effect on counting. 

2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 

This allows the sequence to be "retriggered" by soft- 
ware. OUT strobes low N + 1 CLK pulses after the new 
count of N is written. 
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Figure 19. Mode 4 
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Figure 20. Mode 5 



MODE 5: HARDWARE TRIGGERED STROBE 
(RETRldGERABLE} 

OUT will initially be high. Counting is triggered by a ris- 
ing edge of GATE. When the initial count has expired, 
OUT will go low for one CLK pulse and then go high 
again. 

After writing the Control Word and initial count, the 
counter will ^not be loaded until the cLk pulse after a 
trigger. This CLK pulse does not decrement the count, 
so for an initial count of N, OUT does not strobe low un- 
til N + 1 CLK pulses after a trigger. 

A trigger results r in the Counter being loaded with the in- 
itial count on the next CLK pulse, The counting se- 
quence is retriggerable. OUT will not strobe low for 
N + 1 CLK pulses after any trigger. GATE has ho effect 
on OUT. '■ " ■- '-- ■' '<■' : ' ' ; ■ 

If a new count is written during counting, the curent 
counting sequence will hot be affected. If a trigger oc- 
curs after the new: count is written but before the cur- 
rent count expires, the Counter will be loaded with the 
new count on the next CLK pulse and counting will con- 
tinue from there. 



Signal 
Status 
Modes 


Low 

Or Going 

Low 


Rising 


H, 9 h 





Disables 
counting 


' 'j 


Enables 
counting 


1 


v.,: ■ 


1) initiates 
counting 

2) Resets output 
after next clock 




2 .. 


, 1) Disables 
counting 
2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


3 .... 


1) Disables 
counting 

2) Sets output 
immediately 
high 


Initiates 
counting 


Enables 
counting 


4 


Disables 
counting 


■ 


Enables 
counting 


5 


• ""'"" 


Initiates 
counting 






Figure 21. Gate Pin Operations Summary 
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Mode 


Min 
Count 


Max 
Count 





1 





1 


1 





2 


2 





3 


2 





4 


1 





5 


1 






NOTE: IS EQUIVALENT TO 2 16 FOR BINARY COUNTING AND 10 4 FOR 
BCD COUNTING. 



Figure 22. Minimum and Maximum Initial Counts 



Operation Common to All Modes 

PROGRAMMING 

When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known 
initial state; no CLK pulses are required for this. 



GATE 

The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3, and 4 the GATE input is level 
sensitive, and the logic level is sampled on the rising 
edge of CLK. In Modes 1, 2, 3, and 5 the GATE input is 
rising-edge sensitive. In these Modes, a rising edge of 
GATE (trigger) sets an edge-sensitive flip-flop in the 
Counter. This flip-flop is then sampled on the next rising 
edge of CLK; the flip-flop is reset immediately after it is 
sampled. In this way, a trigger will be detected no matter 
when it occurs— a high logic level does not have to be 
maintained until the next rising edge of CLK. Note that 
in Modes 2 and 3, the GATE input is both edge- and level- 
sensitive. 



COUNTER 

New counts are loaded and Counters are decremented 
on the falling edge of CLK. 

The largest possible initial count is 0; this is equivalent 
to 2 16 for binary counting and 10 4 for BCD counting. 

The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter "wraps around" to the 
highest count, either FFFF hex for binary counting or 
9999 for BCD counting, and continues counting. Modes 
2 and 3 are periodic; the Counter reloads itself with the 
initial count and continues counting from there. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto + 150°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A =o°c to 70°C, V CC =5V± 10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC + 0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l = 2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


Ioh=-400juA 


Iil 


Input Load Current 




±10 


^a 


V, N = V C cto0V 


'OFL 


Output Float Leakage 




±10 


ma 


VouT=V CC to0V 


•cc 


V C c Supply Current 




140 


mA 




CAPACITANCE (T A =25°C, V cc =GND=0V 





Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


C|N 


Input Capacitance 




10 


PF 


f c =1 MHz 


Ci/o 


I/O Capacitance 




20 


PF 


Unmeasured pins 
returned to V S s 



A.C. CHARACTERISTICS (T A =o°c to 70°c, v cc = 5V± 10%, gnd = ov) 
Bus Parameters (Note 1) 

READ CYCLE 



Symbol 


Parameter 


8254 


8254-2 


Unit 


Min. 


Max. 


Min. 


Max. 


t A R 


Address Stable Before RDi 


30 




25 




ns 


*SR 


CS Stable Before RDI 












ns 


*RA 


Address Hold Time After RDt 












ns 


tRR 


RD Pulse Width 


150 




95 




ns 


*RD 


Data Delay from RCH t2] 




120 




70 


ns 


tDF 


RDt to Data Floating 


5 


90 


5 


65 


ns 


tRV 


Command Recovery Time 


200 




95 




ns 



Note 1: AC timings measured at V 0H = 2.0V, V l = 0.8V. 
Note 2: Test Conditions: C L = 150 pF. 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



Symbol 


Parameter 


8254 


8254-2 


Unit 


Min. 


Max. 


Min. 


Max. 


Uw 


Address Stable Before WR1 












ns 


tsw 


CS Stable Before WR1 












ns 


*WA 


Address Hold Time WRt 












ns 


tww 


WR Pulse Width 


150 




95 




ns 


tDW 


Data Setup Time Before WRf 


100 




95 




ns 


tWD 


Data Hold Time After WR| 












ns 


tRV 


Command Recovery Time 


200 




95 




ns 



CLOCK AND GATE (T A =0°C to 70°C, V CC =5V± 10%, GND = 0V) 



Symbol 


Parameter 


8254 


8254-2 


Unit 


Min. 


Max. 


Min. 


Max. 


l CLK 


Clock Period 


200 


DC 


100 


DC 


ns 


tpWH 


High Pulse Width 


60 




30 




ns 


tpWL 


Low Pulse Width 


60 




40 




ns 


tR 


Clock Rise Time 




100 




100 


ns 


tF 


Clock Fall Time 




100 




100 


ns 


tGW 


Gate Width High 


50 




50 




ns 


tGL 


Gate Width Low 


50 




50 




ns 


tGS 


Gate Setup Time to CLK| 


50 




40 




ns 


*GH 


Gate Hold Time After CLKf 


50 




50 




ns 


*OD 


Output Delay from CLKj 




150 




100 


ns 


tQDG 


Output Delay from Gatej 




120 




90 


ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



C L = 150pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



WRITE 



X 



X 



VA "^ 

-f 



X 



JT 



READ 



~»j t S R 



JT 



► »RD «*- -*\ tD 

- — — / VALID W- 



RECOVERY 
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8255A/8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 



MCS-85™ Compatible 8255A-5 

24 Programmable I/O Pins 

Completely TTL Compatible 

Fully Compatible with Intel® Micro- 
processor Families 

Improved Timing Characteristics 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ Improved DC Driving Capability 



The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1 , the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 



BI-DIRECTIONAL DATA BUS 
D7-D0 < 



DATA 
BUS 
BUFFER 






C 



<=> 



V> P °A R 



GROUP 
PORT 



\ I/O 

y PA7-PA0 



GROUP 
PORT! 



«TC C J> 

>PER N Y 



it <=^=> 



<^=^ 



S PB7-PB0 




Figure 1. 8255A Block Diagram 



Figure 2. Pin Configuration 
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8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A is a programmable peripheral interface (PPI) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose I/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter- 
face peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 



Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 



(CS) 

Chip Select. A "low" on this input pin enables the com- 
muniction between the 8255A and the CPU. 



(RD) 

Read:. A "low" on this input pin enables the 8255A to 
send the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to "read from" 
the8255A. 

(WR) 

Write. A "low" on this input pin enables the CPU to write 
data or control words into the 8255A. 

(AoandA^ 

Port Select and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (A and A-|). 

8255A BASIC OPERATION 



A'l 


A 


RD 


WR 


CS 


INPUT OPERATION (READ) 











1 





PORT A => DATA BUS 





1 





1 





PORT B =► DATA BUS 


1 








1 





PORT C=* DATA BUS 












OUTPUT OPERATION 
(WRITE) 








1 








DATA BUS => PORT A 





1 


1 








DATA BUS -> PORT B 


1 





1 








DATA BUS => PORT C 


1 


1 


1 








DATA BUS =► CONTROL 












DISABLE FUNCTION 


X 


X 


X 


X 


1 


DATA BUS => 3-STATE 


1 


1 





1 





ILLEGAL CONDITION 


X 


X 


1 


1 





DATA BUS =*3-STATE 



3IDIRECTIONAL DATA BUS 



-*<=> 



DATA 

bus : 

BUffEB 



GROUP 
CONTROL 



: READ/ i 

; WRITE 

CONTROL 

LOGIC 



C=> •&, <=>.!£ 



=> 



C > PORTC <i~ 

N 1/ UPPER V 



1 



C=^> 



GROUP 
PORT 



£=$ -At <^=> ™ 



-\ i'o 

— i/ PC r PC 



\r— I — : v/P( 



Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
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(RESET) 

Reset. A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU "out- 
puts" a control word to the 8255A. The control word con- 
tains information such as "mode", "bit set", "bit reset", 
etc., that initializes the functional configuration of the 
8255A. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-C0) 
The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 



Ports A, B, and C 

The 8255A contains three 8-bit ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or "personality" to further enhance the 
power and flexibility of the 8255A. 

Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 

Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 

Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 



BI-DIRECTIONAL DATA BUS 



°7-°0 ^ y 



CONTROL 



t> 



<=^>- 



C=^> 



C=^ -Ac <^> 



^ ^> p ° RT c 



— % I/O 

— y/ PB7-PB0 



Figure 4. 8225A Block Diagram Showing Group A and 
Group B Control Functions 



PIN CONFIGURATION 






PIN NAMES 


U 7 »0 

RESET 


DATA BUS (Bt DIRECTIONAL) 
RESiT INPUT 


CS 


CHIP SELECT 


RD 


READ INPUT 


WR 


, WRITE INPUT 


AO, A1 


| PORT ADDRESS 


PA7PA0 


: PORT A (BIT) 


PB7 PBO 


PORT B 'BIT) 


PC7PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


VOLTS 
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8255A OPERATIONAL DESCRIPTION 

Mode Selection 

There are three basic modes of operation that can be select- 
ed by the system software: 

Mode — Basic Input/Output 
Mode 1 -Strobed Input/Output 
Mode 2 - Bi-Directional Bus 

When the reset input goes "high" all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 



The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-fiops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance; Group B can be programmed in 
ModeO to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 



\ ADDRESS BUS } 


I I 


{ CONTROL BUS J 


II II 


[ DATA BUS / 



MODE - 



it It Jl 



RD.WR 


D 7 -D 
825SA 


A 0" A 1 

cs 


B 


<? 


A 





J 8h/0 J4JT/O J 4N/0 J 8 & 



I/O 

pb 7 '-pb pc 3 -pc pc 7 ~pc 4 pa;-pa 
mode 1 — h b , 7 -, a t 



SHit! tttt % 



I/O 



PB,-PB CONTROL CONTROL PA 7 -PA 
OR I/O OR I/O 



!— £* 



PB 7 -PB I/O 



^-1 



J 8 [BI-DIRECTIONAL 
PA 7 -PA 



Figure 5. Basic Mode Definitions 
and Bus Interface 



CONTROL WORD 



d 



D 7 D 6 D 5 D 4 D 3 D 2 D, D, 



PORT C (LOWER) 
1 - INPUT 
- OUTPUT 



PORTB 
1 - INPUT 
= OUTPUT 



MODE SELECTION 
0= MODEO 
1 = MODE 1 



PORT C (UPPER) 
1 = INPUT 
= OUTPUT 



PORTA 
1 = INPUT 
= OUTPUT 



MODE SELECTION 

00 - MODE 

01 = MODE 1 
IX - MODE 2 



MODE SET FLAG 
1 = ACTIVE 



Figure 6. Mode Definition Format 



The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 



Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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CONTROL WORD 



D 7 D 6 D 5 D 4 D 3 D 2 D, D ( 



X X X I 



DON'T 
CARE 



BIT SET/RESET 

1»SET 

0- RESET 



BIT SET/RESET FLAG 
= ACTIVE 



Figure 7. Bit Set/Reset Format 



When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 

Interrupt Control Functions 

When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 



Operating Modes 



MODE (Basic Input/Output). This functional configura 
tion provides simple input and output operations for 
each of the three ports. No "handshaking" is required, 
data is simply written to or read from a SDecified port. 



Mode Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configurations are possible 
in this Mode. 
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MODE Port Definition 
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MODE Configurations 



CONTROL WORD #0 










°7 D 6 D 5 D 4 


D 3 


D 2 


°l 


D o 


1 

























y^ — *. pa 7 pa 



/i ^ pc 7 -pc 4 



■/^ - pc 3 -pc 



-/■ PB 7 -PB 



CONTROL WORD #2 










D 7 D 6 D 5 D 4 


D 3 


D 2 


D, 


Do 


1 

















1 






-/ PA 7 PA 

-/-$ ^ PC 7 -PC 4 

~/^ *- PC 3 PC 

-J*- 2 PB 7 -PB 



CONTROL WORD #1 
D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 



CONTROL WORD #3 







D 7 D 6 D 5 D 4 D 3 D 2 D 1 Dp 
10 1 1 




-/■ -*• PAy-PA,, 

-A — +- pc 7 -pc 4 



-/■ PB 7 PB 



-/■ ^ pa 7 -pa„ 

/ 4 * PC 7 PC 4 

~/± pc 3 -pc 

-Z 1 PB 7 PB 
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CONTROL WORD #4 
D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 



10 



-/- PAy-PAp 



r~ ■* / PC 7 -PC 4 




7^ *■ p C 3 PC 



-/■ PB 7 -PB 



CONTROL WORD #8 



D 7 D 6 D 5 D 4 D 3 D 2 D, D Q 
10 10 



-/■ PA 7 PAo 




-/■ PB 7 -PB 



CONTROL WORD #5 
P 7 D 6 



CONTROL WORD #9 



>4 P 3 D 2 D 1 D 



10 



D 7 P 6 P 5 P 4 D 3 P 2 D 1 D 
10 10 1 



-/■ *> PA 7 -PAo 

-7^ PC 7 -PC 4 



-7^- 



r » pb 7 -p 




CONTROL WORD #6 
D 7 D 6 D 5 D 4 D 3 D 2 D, D„ 



CONTROL WORD #10 
D 7 D 6 D 5 D 4 D 3 D 2 D, D„ 



10 10 



10 10 



-H- PA 7 PAo 

-/-I PC 7 -PC 4 



PA 7 -PA 



-/-± - pc 3 -pc 

-7^ p B 7 PB 




CONTROL WORD #7 
D 7 D 6 D 5 D a D' 



CONTROL WORD #11 



'3 u 2 u 1 u 



10 



P 7 P 6 P 5 D 4 P 3 P 2 P 1 P 
10 1 1 1 
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CONTROL WORD #12 










D 7 D 6 D 5 D 4 


D 3 


D 2 


D 1 


D o 


1 








1 
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■/ PA 7 -PA 



pc 7 -pc 4 



-f pc 3 -pc 



-/■ - PB 7 -PB 



CONTROL WORD #14 



D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 
10 110 10 




CONTROL WORD #13 

D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 



CONTROL WORD #15 



110 



D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 
10 110 11 



/- PA r PA 



-* / pc 7 -pc 4 



<w 




7^ * PB 7 PB 




Operating Modes 



MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobes or 
"handshaking" signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these "hand- 
shaking" signals. 



Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 

• Each group contains one 8-bit data port and one 4-bit 
control/data port. 

• The 8-bit data port can be either input or output. 
Both inputs and outputs are latched. 

• The 4-bit port is used for control and status of the 
8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one" and INTE is a "one". 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 



INTE A 

Controlled by bit set/reset of PC 4 . 

INTEB 

Controlled by bit set/reset of PC 2 . 



CONTROL WORD 
D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 


MODE 1 (PORT A) 
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MODE 1 (PORT B) 
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Figure 8. MODE 1 Input 
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Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 



OBF (Output Buffer Full F/F). The OBF output will go 
"low" to Indicate that the CPU has written data out to 
the specified port. The OBF F/F will be set by the rising 
edge of the WR input and reset by ACK Input being low. 

ACK (Acknowledge Input). A "low" on this input informs 
the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral 
device indicating that it has received the data output by 
the CPU. 



INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK is a "one", OBF is a "one" and INTE is a "one". It is 
reset by the falling edge of WR. 



INTE A 

Controlled by bit set/reset of PCg. 

INTEB 

Controlled by bit set/reset of PC 2- 



MODE 1 (PORT A) 



CONTROL WORD 
D 7 D 6 D 5 D 4 D 3 D 2 D, D„ 



10 10 1/0 
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U. 1 = 
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= OUTPUT 
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_J ) - PC 3 'NTR A 
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- ACK. 



CONTROL WORD 
D 7 D 6 D 5 D 4 D 3 D 2 D, Dp 

l'KP<MXM°[Kl 



MODE 1 (PORT B) 
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-ACKb 



Figure 10. MODE 1 Output 




Figure 11. Mode 1 (Strobed Output) 
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Combinations of MODE 1 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 



CONTROL WORD 
D 7 D 6 D 5 D 4 


D 3 D 2 


°1 Do 


h 


° 


1 I 1 


1/0 1 1 


•M 








I PC 6.7 
"-^ 1 = INPUT 
= OUTPUT 



PA r PA 
PC 4 


STB A 


pc 5 

p c 3 

pc 6 . 7 


-IBF A 

^INTR A 

2 

« / » I/O 


PB 7 -PB 


^> 


PC, 


^OBF B 


PC 2 


ACK B 







PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 



CONTROL WORD 
D 7 D 6 D 5 D 4 


D 3 D 2 


°1 D 


|,|. 


1 I 


vol 1 


M 






I PC 4.5 
L-*- 1 = INPUT 
= OUTPUT 



A 7 -PA 



^> 



PB 7 -PB 



PC 



*OBF A 
-ACK A 



C^ 



PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 



Figure 12. Combinations of MODE 1 



Operating Modes 



Output Operations 



MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single 8-bit bus for 
both transmitting and receiving data (bidirectional bus 
I/O). "Handshaking" signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 



OBF (Output Buffer Ful). The OBF output will go "low" 
to indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im- 
pedance state. 



MODE 2 Basic Functional Definitions: 

• Used in Group A only . 

• One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

• Both inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 

Bidirectional Bus I/O Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output opera- 
tions. 



INTE 1 (The INTE Flip-Flop Associated with OBF). Con 

trolled by bit set/reset of PC fi . 

Input Operations 
STB (Strobe Input) 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F). A "high" on this output in- 
dicates that data has been loaded into the input latch. 



INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PC 4 . 
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CONTROL WORD 
D 7 D 6 D 5 D 4 D 3 D 


2 


1 D 





1 1 /\/\/\ 1/0 1/0 1/0 

















1 = INPUT 
= OUTPUT 



► PORT B 
1 = INPUT 
- OUTPUT 



GROUP B MODE 
- MODE 
1 = MODE 1 




Figure 13. MODE Control Word 



Figure 14. MODE 2 
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Figure 15. MODE 2 (Bidirectional) 



NOTE: Any sequence where W R occurs before ACK and ST B occu rs before RD is permissible. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR ) 
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MODE 2 AND MODE (INPUT) 




MODE 2 AND MODE (OUTPUT) 



CONTROL WORD 
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Figure 16. MODE 14 Combinations 
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Mode Definition Summary 





MODEO 
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IN 


OUT 


PA 4 
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IN 


OUT 


PC 4 


IN 


OUT 


pc 5 


IN 


OUT 


PC 6 


IN 


OUT 


PC 7 


IN 


OUT 



MODE 1 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 
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OUT 
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IN 
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INTR B 


INTR B 


IBF B 
STBg 


OBF B 
ACKg 


INTR A 


INTR A 


STB A 


I/O 


IBF A 
I/O 


I/O 
ACK A 
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OBF A 



MODE 2 



GROUP A ONLY 



-< *> 

^ ». 

-* ► 

** ► 

-< ► 

-^ ► 
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I/O 

I/O 

I/O 

INTR A 

STB A 
IBF A 
ACK A 
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MODEO 
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Special Mode Combination Considerations 

There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs — 

All input lines can be accessed during a normal Port C 

read. 

If Programmed as Outputs — 

Bits in C upper (PC7-PC4) must be individually accessed 

using the bit set/reset function. 

Bits in C lower (PC3-PC0) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

Reading Port C Status 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 



allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 
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Figure 17. MODE 1 Status Word Format 
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Figure 18. MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 

The 8255A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 
the need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, a control word can easily be devel- 
oped to initialize the 8255A to exactly "fit" the applica- 
tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A. 
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Figure 19. Printer Interface 
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Figure 20. Keyboard and Display Interface 
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Figure 21. 
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Figure 22. Digital to Analog, Analog to Digital 



Figure 23. Basic CRT Controller Interface 
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Figure 24. Basic Floppy Disc Interface 



Figure 25. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature — 65° C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = +5V ± 5% 


GND = 0V) 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




V, H 


Input High Voltage 


2.0 


v C c 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


Iol = 2.5mA 


Vol(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


loi_ = 1-7mA 


Voh(DB) 


Output High Voltage (Data Bus) 


2.4 




V 


Ioh = -400/xA 


Vqh(peR) 


Output High Voltage (Peripheral Port) 


2.4 




V 


l H = -200juA 


IdarW 


Darlington Drive Current 


-1.0 


-4.0 


mA 


REXT = 750ft; V EXT = 1-5V 


'cc 


Power Supply Current 




120 


mA 




IlL 


Input Load Current 




±10 


juA 


Vin = V C c to 0V 


•OFL 


Output Float Leakage 




±10 


juA 


VoUT = V C cto0V 



NOTE: 

1 . Available on any 8 pins from Port B and C. 



CAPACITANCE (T A = 25°c, v cc = gnd = ov) 



Symbol ■ 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C||\l 


Input Capacitance 






10 


pF 


fc=1MHz 


c i/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to G ND 



A.C. CHARACTERISTICS 
Bus Parameters 

READ 



(T A = 0°C to 70°C, V cc = +5V ± 5%, GND = 0V) 



Symbol 


Parameter 


8255A 


8255A-5 


Unit 


Min. 


Max. 


Min. 


Max. 


*AR 


Address Stable Before READ 












ns 


tRA 


Address Stable After R EAD 












ns 


tRR 


READ Pulse Width 


300 




300 




ns 


tRD 


Data Valid From READ! 1 ! 




250 




200 


ns 


tDF 


Data Float After READ 


10 


150 


10 


100 


ns 


tRV 


Time Between READs and/or WR ITEs 


850 




850 




ns 
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A.C. CHARACTERISTICS (Continued) 

WRITE 



Symbol 


Parameter 


8255A 


8255A-5 


Unit 


Min. 


Max. 


Min. 


Max. 


*AW 


Address Stable Before WR ITE 












ns 


tWA 


Address Stable After WR ITE 


20 




20 




ns 


tww 


WRITE Pulse Width 


400 




300 




ns 


tDW 


Data Valid to WRITE (T.E.) 


100 




100 




ns 


*WD 


Data Valid After WRITE 


30 




30 




ns 



OTHER TIMINGS 



Symbol 


Parameter 


8255A 


8255A-5 


Unit 


Min. 


Max. 


Min. 


Max. 


t\A/B 


WR = 1 to OutputJ 1 1 




350 




350 


ns 


t|R 


Peripheral Data Before RD 












ns 


*HR 


Peripheral Data After RD 












ns 


•TVK 


ACK Puise Width 


300 




300 




ns 


t ST 


STB Pulse Width 


500 




500 




ns 


tps 


Per. Data Before T.E. of STB 












ns 


tpH 


Per. Data After T.E. of STB 


180 




180 




ns 


tAD 


ACK = 0toOutputf 1 ] 




300 




300 


ns 


tKD 


ACK= 1 to Output Float 


20 


250 


20 


250 


ns 


tWOB 


WR = 1 toOBF = 0l 1 J 




650 




650 


ns 


tAOB 


ACK = 0toOBF = 1MJ 




350 




350 


ns 


tsiB 


STB = to IBF = 1MI 




300 




300 


ns 


tRIB 


RD= 1 to IBF = 0f 1 l 




300 




300 


ns 


tRIT 


RD = 0to INTR = 0^ 




400 




400 


ns 


tsiT 


STB = 1 to INTR = 1I 1 I 




300 




300 


ns 


UlT 


ACK= 1 to INTR = iH J 




350 




350 


ns 


tWIT 


WR = 0to INTR = 0l 1 ' 3 ] 




450 




450 


ns 



NOTES: 

1. Test Conditions: 8255A: C L = 100pF; 8255A-5: C L = 150pF. 

2. Period of Reset pulse must be at least 50/us during or after power on. Subsequent Reset pulse can be 500 ns min. 

3. INTRf may occur as early as WRJ,. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ V C L = 150 pF 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC " TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC 0." 



DEVICE 
UNDER 
TEST 



J' 



A^vV 



*V EXT IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE 
SPECIFICATION. 
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WAVEFORMS 



MODE (BASIC INPUT) 










RD 


\ 

- t |R ^ 






l L 


l HR *\ 




INPUT 


> 


' 




X 




"* *AR *~ 






tRA - 




CS,A1,A0 V 


f 






X 


h- 












-< 


> 


^ 


> 


u / u o 


















"• t-Dl- * 



MODE (BASIC OUTPUT) 










WR 


^ 


\ ? 


L 






U X DV 


j ». 


-* %D •» 




D 7-D 


X 


) 


< 


^J 












CS.A1.A0 \ 








' 


X 














OUTPUT 


X 


* 












'WB *■ 
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WAVEFORMS (Continued) 



MODE 1 (STROBED INPUT) 



\ _y 



INPUT FROM 
PERIPHERAL 



-~ c 



I 



A 






i 



L t RI 



\, 



J 



y 



MODE 1 (STROBED OUTPUT) 

WR \ 





\ZJC 
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WAVEFORMS (Continued) 



MODE 2 (BIDIRECTIONAL) 



WR 



PERIPHERAL 
BUS 



DATA FROM 
8080 TO 8255 



/ 



v_y 



/ 



{ 



\^J 



— c 



DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



\ 



\ 



P-- 



DATA FROM 
8255 TO 8080 



NOTE: Any sequence where WR occurs before ACK and ST B occu rs before RD is permissible. 
(INTR= IBF .MASK • STB • RD + OBF 'MASK* ACK • WR ) 



WRITE TIMII 


sIG 


Ao-1. CS "% 




f 


.« t AW ». — ». 


wk 


DATA BUS 


* 


± 


y 


"*— X WD~ *] 


m 




^ 



READ TIMING 




A0-1.CS X I 




J I l • - 1 Lr- 


m> % riH br 


DATA BUS'Z^^Z% HIGH IMPEDANCE 'Z%V/9y/A VALID :HIGH IMPEDANCE 
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8256 

MULTIFUNCTION UNIVERSAL 

ASYNCHRONOUS RECEIVER-TRANSMITTER (MUART) 



Programmable Serial Asynchronous 
Communications Interface for 5-, 6-, 7-, 
or 8-Bit Characters, 1, 1 1 /2, or 2 Stop 
Bits, and Parity Generation 

On-Board Baud Rate Generator 
Programmable for 13 Common Baud 
Rates up to 19.2K Bits/second, or an 
External Baud Clock Maximum of 1M 
Bit/second 

Five 8-Bit Programmable Timer/ 
Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 



Two 8-Bit Programmable Parallel I/O 
Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 



Eight-Level Priority Interrupt Controller 
Programmable for 8085 or iAPX 86, 
iAPX 88 Systems and for Fully Nested 
Interrupt Capability 



Programmable System Clock to 1 x , 
2x,3x, or 5x1.024 MHz 



The Intel® 8256 Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com- 
monly used functions into a single 40-pin device. It is designed to interface to the 8048, 8085A, iAPX 86, and 
iAPX 88 to perform serial communications, parallel I/O, timing, event counting, and priority interrupt func- 
tions. All of these functions are fully programmable through nine internal registers. In addition, the five 
timer/counters and two parallel I/O ports can be accessed directly by the microprocessor. 



v TO ALL INTERNAL 
} FUNCTIONS 





Figure 1. MUART Block Diagram 



Figure 2. MUART Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


AD0-AD4 
DB5-DB7 


1-5 
6-8 


I/O 


Address/Data: Three-State Address/Data 
lines which interface with the CPU lower 
8-bit address/data bus. The 5-bit address 
is latched on the falling edge of ALE. In 
8048 and 8085 mode, ADO- AD3 are used 
to select the proper register, while AD1- 
AD4 are used in 8086 and 8088 mode. 
The 8-bit bidirectional data bus is either 
written into or read from the chip 
depending on the latched CS and RD or 
WR. 


ALE 


9 


I 


Address Latch Enable: Latches the 5 
address lines on AD0-AD4 and CS on 
the falling edge. 


RD 


10 


' 


Read Control: When this signal is low, 
the previously selected register is 
enabled onto the data bus. 


WR" 


11 


I 


Write Control: When this signal is low, 
the value on the data bus is placed into 
the previously selected register. 


RESET 


12 


I 


Pulse provided by the CPU to initialize 
the system. The MUART remains "idle" 
until it is reprogrammed by the CPU. 


CS 


13 


I 


Chip Select: A low on this signal 
enables the MUART. It is latched with 
the address on the falling edge of ALE, 
and RD and WR have no effect unless 
C"S~ was latched low during the ALE 
cycle. 


INTA 


14 


I 


Interrupt Acknowledge: If the MUART 
has been enabled to respond to inter- 
rupts, it puts an RST on the bus for the 
8085 or a vector for the 8086. The bit in 
the interrupt register is reset when the 
interrupt is placed onto the bus. 


INT 


15 





Interrupt: A high signals the CPU that 
the MUART needs service. 


EXTINT 


16 


I 


External Interrupt: A high on this pin 
signals that an external device requests 
service. EXTINT must be held high until 
INTA or read interrupt occurs. 


CLK 


17 


I 


System Clock: This input provides an 
accurate timing source for the MUART. 
It must be 1x, 2x, 3x, or 5x 
1.024 MHz and is used by the baud rate 
generator and real time clocks. 


RxC 


18 


I/O 


Receive Clock: If baud rate is 
selected, this input clocks bits into RxD 
on the rising edge. If a baud rate from 
1-0F 16 is selected, this output will 
provide a rising edge at the center of 
each received data bit. This output 
remains high during start, stop, and 
parity bits. 


RxD 


19 


I 


Receive Data: Serial data input from the 
modem or terminal to the MUART. 


GND 


20 


PS 


Ground: Power supply and logic ground 
reference. 



Symbol 


Pin No. 


Type 


Name and Function 


Vcc 


40 


PS 


Power + 5V POWER supply. 


P17-P10 


32-39 


I/O 


Parallel I/O Port 1: Each pin can be pro- 
grammed as an input or an output to 
perform general purpose I/O functions 
for the CPU under software control. In 
addition to general I/O, I/O Port 1 can be 
programmed to a variety of special 
functions for handshake control, 
counter inputs, and special com- 
munications functions. 


P27-P20 


24-31 


I/O 


Parallel I/O Port 2: Each nibble (4 bits) 
of this port can be either an input or an 
output. Also, this port can be used as a 
bidirectional 8-bit port using handshake 
lines in Port 1. 


TxD 


23 





Transmit Data: This output carries the 
serial data to the terminal or modem 
from the MUART. 


TxC 


22 


I/O 


Transmit Clock: If the baud rate is 0, 
this input clocks data out of the trans- 
mitter on the falling edge. If a baud rate 
of 1 or 2 is selected, this input permits 
the user to provide a 32 x or 64 x clock 
which is used for the receiver and trans- 
mitter. If the baud rate is 3-0F 16 , the 
internal transmitter clock is output. If 
1 1 /2 stop bits are selected and 
characters are continuously transmit- 
ted, the internal baud rate generator will 
be reset at the end of the stop bits and 
the clock will have a small positive 
spike instead of a half clock. A high-to- 
low transition occurs at the beginning of 
each bit and a low-to-high transition at 
the center of each bit. 


CTS 


21 


I 


Clear to Send: This input enables the 
serial transmitter. If CTS is low, any 
character in the transmitter buffer will 
be sent. A single negative-going pulse 
causes the transmission of a single 
previously loaded character out of the 
transmitter buffer. If this pulse occurs 
when the buffer is empty or during the 
transmission of a character up to 0.5 of 
the first stop bit, it will be ignored. If a 
baud rate from 1-0F 16 is selected, CTS 
must be low lor at least 1/32 of a bit, or it 
will be ignored. 
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FUNCTIONAL DESCRIPTION 

The 8256 Multi-Function Universal Asynchronous 
Receiver-Transmitter (MUART) combines five commonly 
used functions onto a single 40-pin device. The MUART 
performs asynchronous serial communications, parallel 
I/O, timing, event counting, and interrupt control. 



Serial Communications 

The serial communications portion of the MUART 
contains a full-duplex asynchronous receiver- 
transmitter (UART). A programmable baud rate genera- 
tor is included on the MUART to permit a variety of 
operating speeds without external components. The 
UART can be programmed by the CPU for a variety of 
character sizes, parity generation and detection, error 
detection, and start/stop bit handling. The receiver 
checks the start and stop bits in the center of the bit, 
and a break halts the reception of data. The transmitter 
can send breaks and can be controlled by an external 
enable pin. 



Parallel I/O 

The MUART includes 16 bits of general purpose parallel 
I/O. Eight bits (Port 1) can be individually changed from 
input to output or used for special I/O functions. The 
other eight bits (Port 2) can be used as nibbles (4 bits) or 
as bytes. These eight bits also include a handshaking 
capability using two pins on Port 1. 



Counter/Timers 

There are five 8-bit counter/timers on the MUART. The 
timers can be programmed to use either a 1kHz or 
16 kHz clock generated from the system clock. Four of 
the 8-bit counter/timers can be cascaded to two 16-bit 
counter/timers, and one of the 8-bit counter/timers can 
be reset to its initial value by an external signal. 



Interrupts 

An eight-level priority interrupt controller can be 
configured for fully nested or normal interrupt priority. 
Seven of the eight interrupts service functions on the 
MUART (counter/timers, UART), and one external inter- 
rupt is provided which can be used for a particular 
function or for chaining interrupt controllers or more 
MUARTs. The MUART will support 8085 and 8086/88 
systems with direct interrupt vectoring, or the MUART 
can be polled to determine the cause of the interrupt. 



Command Register 1 



LT 


L0 | S1 


SO 


BRKI 


BITI 


8086 


FRQ 



FRQ — Timer Frequency Select 

This bit selects between two frequencies for the five 
timers. If FRQ = 0, the timer input frequency is 16kHz 
(62.5 ixs). If FRQ= 1, the timer input frequency is 1 kHz 
(1 ms). The selected clock frequency is shared by all the 
counter/timers enabled for timing; thus, all timers must 
run with the same time base. 

8086 — 8086 Mode Enable 

This bit selects between 8048/8085 mode and 8086/8088 
mode. In 8085 mode (8086 = 0), A0 to A3 are used to 
address the internal registers, and an RS T instruction is 
generated in response to the first INTA. In 8086 mode 
(8086=1), A1 to A4 are used to address the internal 
registers, and A0 is used as an extra chip sel ect (A 
must equal zero to be enabled). Th e resp onse to INTA is 
for 8086 interrupts where the first INTA is ignored, and 
an interrupt vector (40 16 to 47 16 ) is placed on the bus in 
response to the second INTA. 

BITI — Interrupt on Bit Change 

This bit disables the Timer 2 interrupt and enables an 
interrupt when a low-to-high transition occurs on pin 7 
of Port 1 (pin 32). 

BRKI — Break-in Detect Enable 

This bit enables the break-in detect feature. A break-in is 
detected when pin 6 of Port 1 (pin 33) is low during the 
first stop bit of a transmitted character. This could be 
used to detect a break-in condition by connecting the 
serial transmission line to pin 33. A break-in detect is 
OR-e d wi th bre ak detect in bit 3 of the Status Register. If 
RxC and TxC are used for the serial bit rates, break-in 
cannot be detected. 

SO, S1 — Stop Bit Length 

S1 SO Stop Bit Length 

1 

1 1.5 
10 2 

1 1 75 

If 0.75 stop bits is selected, CTS becomes edge 
sensitive rath er than level sensitive. A high-to-low tran- 
sition of CTS immediately initiates the transmission of 
the next character. A high-to-low transition will be 
ignored if the transmit buffer is empty, or if it occurs 
before 0.75 of the first stop bit. It will shorten the stop 
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Read Registers 



Table 2. MUART Registers 



8085 Mode: AD3 AD2 AD1 ADO 

8086 Mode: AD4 AD3 AD2 AD1 



Write Registers 



L1 


L0 


S1 


SO 


BRKI 


BITI 


8086 


FRQ 


Command 1 


PEN 


EP 


C1 


CO 


B3 


B2 


B1 


BO 


Command 2 





RxE 


IAE 


NIE 





SBRK 


TBRK 





Command 3 


T35 


T24 


T5C 


CT3 


CT2 


P2C2 


P2C1 


P2C0 


Mode 


| P17 


P16 


P15 


P14 


P13 


P12 


P11 


P10 


Port 1 Control 


L7 


L6 


L5 


L4 


L3 


L2 | L1 


L0 


Interrupt Enable 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Interrupt Address 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Receiver Buffer 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Portl 


D7 


D6 


D5 | D4 


D3 


D2 


D1 


DO 


Port 2 


D7 


D6 


D5 


D4 | D3 


D2 


D1 


DO 


Timer 1 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Timer 2 


D7 


D6 


D5 


D4 | D3 


D2 


D1 


DO 


Timer 3 


|D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Timer 4 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Timer 5 


INT 


RBF 


TBE 


TRE 


BD 


PE 


OE 


FE 







1 



10 



11 



10 



10 1 



110 



111 



10 



10 1 



10 10 



1 1 1 D7 



110 



110 1 



1110 



1111 



L1 


LO 


S1 


SO 


BRKI 


BITI 


8086 


FRQ 


Command 1 


PEN 


EP 


C1 


CO 


B3 


B2 


B1 


BO 


Command 2 


SET 


RxE 


IAE 


NIE 


END SBRKJTBRK 


RST 


Command 3 


T35 


T24 


T5C 


CT3 


CT2 


P2C2 


P2C1 


P2C0J 


Mode 


P17 


P16 


P15 


P14 


P13 


P12 


P11 


P10 


Port 1 Control 


L7 


L6 


L5 


L4 


L3 


L2 


L1 


LO 


Set Interrupts 


L7 


L6 


L5 


L4 


L3 | L2 


L1 


LO 


Reset Interrupts 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Transmitter Buffer 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Portl 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Port 2 


D7 


D6 


D5 


| D4 | D3 


D2 


D1 


| DO 


Timer 1 


|D7 


D6 


D5 


D4 


D3 | D2 


D1 


DO 


Timer 2 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Timer 3 


D7 


D6 


D5 


| D4 | D3 


D2 


D1 


DO 


Timer 4 


D7 


D6 


D5 


D4- | D3 ' | D2 


D1 


DO 


Timer 5 





RS4 


RS3 


RS2 


RS1 


RSO 


TME 


DSC 



Status 



Modification 
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bit if it occurs after 3 A of the stop bit has been sent. If 
CTS is high or low or a low-to-high transition occurs, the 
transmitter remains idle. 

LO, L1 — Character Length 

L1 LO Character Length 



Command Register 3 









8 





1 


7 


1 





6 


1 


1 


5 



Command Register 2 



PEN 


EP 


C1 


CO 


B3 


B2 


B1 


BO 



OR) (1W) 

BO, B1, B2, B3 — Baud Rate Select 



B3 


B2 


B1 


BO 


Baud Rate 


Sampling Rate 














TxC, RxC 


1 











1 


TxC/64 


64 








1 





TxC/32 


32 








1 


i 


19200 


32 





1 








9600 


64 





1 





1 


4800 


64 





1 


1 





2400 


64 





1 


1 


1 


1200 


64 


1 











600 


64 


1 








1 


300 


64 


1 





1 





200 


64 


1 





1 


1 


150 


64 


1 


1 








110 


64 


1 


1 





1 


100 


64 


1 


1 


1 





75 


64 


1 


1 


1 


1 


50 


64 



If the baud rate is 0, then both the transmitter and 
receiver operate from separate external clocks. If the 
baud rate i s 1 o r 2, then both the transmitter and receiver 
divide the TxC by 64 or 32, respectively. 



CO, C1 


— System Clock Divider 




C1 


CO 


Divider Ratio 


System Clock Frequency 








5 




5.120 MHz 





1 


3 




3.072 MHz 


1 





2 




2.048 MHz 


1 


1 


1 




1.024 MHz 



EP — Even Parity 

If parity is enabled, then even parity is enabled by a 1 
and odd parity is enabled by a 0. 

PEN - Parity Enable 

This enables parity detection and generation. The type 
of parity is determined by the EP bit. 



SET 



RxE IAE 



(2R) 



NIE 



END SBRKTBRK RST 



(2W) 



Command Register 3 is different from the first two 
registers because it has a bit set/reset capability. 
Writing a byte with bit 7 high sets any bits which were 
also high. Writing a byte with bit 7 low resets any bits 
which were high. If any bit 0-6 is low, no change occurs 
to that bit. When Command Register 3 is read, bits 0, 3, 
and 7 will always be zero. 

RST — Reset 

If RST is set, the following events occur: 

1. All bits in the Status Register except bits 4 and 5 are 
cleared, and bits 4 and 5 are set. 

2. The Interrupt Enable, Interrupt Request, and Interrupt 
Service Registers are cleared. 

3. The receiver and transmitter are reset. The transmit- 
ter goes idle (TxD is high), and the receiver enters 
start bit search mode. 

4. If Po rt 2 is programmed for handshake mode, TBF and 
OBF are reset high. 

RST does not alter ports, data registers or command 
registers, but it halts any operation in progress. RST is 
automatically cleared. 

TBRK — Transmit Break 

This causes the transmitter data to be set low, and it 
stays low until TBRK is cleared. As long as break is 
active, data transfer from the Transmitter Buffer to the 
Transmitter Register will be inhibited. 

SBRK — Single Character Break 

This causes the transmitter data to be set low for one 
character including start bit, data bits, parity bit, and 
stop bits. SBRK is automatically cleared when time for 
the last data bit has passed. It will start after the 
character in progress completes and will delay the next 
data transfer from the Transmitter Buffer to the Trans- 
mitter Register until TxD returns to an idle (marking) 
state. If both TBRK and SBRK are set, break will be sent 
as long as TBRK is set, but SBRK will be cleared after 
one character time of break. If SBRK is set again, it 
remains set for another character. The user can send a 
definite number of break characters in this manner by 
clearing TBRK after setting SBRK for the last character 
time. 

END — End of Interrupt 

If fully nested interrupt mode is selected, this bit resets 
the currently served interrupt level in the Interrupt 
Service Register. This command must occur at the end 
of each interrupt service routine during fully nested 
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interrupt mode. END is automatically cleared when the 
Interrupt Service Register (internal) is cleared. See the 
NIE description for more information on nested 
interrupt servicing. END is ignored if nested interrupts 
are not enabled. 

NIE — Nested Interrupt Enable 

This bit enables fully nested interrupts. In this mode, 
the service routine for a lower priority interrupt can be 
interrupted by a request from a higher priority task. 

In fully nested interrupt mode, INTAor reading the Inter- 
rupt Address Register resets the highest priority inter- 
rupt bit in the Interrupt Register (internal), sets the cor- 
responding bit in the Interrupt Service Register 
(internal), and resets INT. If an interrupt of higher 
priority than the currently served interrupt is requested 
or the END bit is set while another interrupt request is 
pending, the INT line will go high again. If an interrupt 
service routine is interrupted by an interrupt of higher 
priority, two or more bits in the Interrupt Service 
Register will be set. 

If NIE is low, interrupt priority is used only when two 
interrupts occur at the same time. INT will be high as 
long as the CPU has not responded to all the interrupts 
in the Interrupt Register. 

IAE — Interrupt Acknowledge Enable 

This bit enables an automatic response to INTA. The 
particular response is determined by the 8086 bit in 
Command Register 1. 

RxE — Receiver Enable 

This bit enables the serial receiver. The Receiver Buffer 
and all receiver status information will be disabled 
except for the break detect status. 

SET — Bit Set/Reset 

If this bit is high during a write to Command Register 3, 
then any bit marked by a high will be set. If this bit is 
low, then any bit marked by a high will be cleared. 

Mode Register 



T35 


T24 | T5C 


CT3 


CT2 


P2C2 


P2C1 


P2C0 



(3R) (3W) 



P2C2, P2C1, P2C0 - Port 2 Control 











Direction 


P2C2 


P2C1 


P2C0 


Mode 


Upper 


Lower 











nibble 


input 


input 








1 


nibble 


input 


output 





1 





nibble 


output 


input 





1 


1 


nibble 


output 


output 


1 








byte handshake 


input 




1 





1 


byte handshake 


output 




1 


1 





DO NOT USE 




1 


1 


1 


test 







If test mode is selected and BRG of Port 1 Control 
Register is set, then the output from the internal baud 
rate generator is placed on pin 4 of Port 1 (pin 35). 

CT2, CT3 — Counter/Timer Mode 

If CT2 or CT3 are high, then counter/timer 2 or 3 respec- 
tively is configured as an event counter on pin 2 or 3 
respectively of Port 1 (pins 37 or 36). The event counter 
decrements the count by one on each low-to-high tran- 
sition of the external input. If CT2 or CT3 is low, then the 
respective counter/timer is configured as a timer and 
the Port 1 pins are used for parallel I/O. 

T5C — Timer 5 Control 

If T5C is set, then Timer 5 can be preset and started by 
an external signal. Writing to the Timer 5 Register loads 
the Timer 5 Save Register and stops the timer. A high-to- 
low transition on pin 5 of Port 1 (pin 34) loads the timer 
with the saved value and starts the timer. The next high- 
to-low transition on pin 5 retriggers the timer by 
reloading it with the initial value and continues timing. 

When the timer reaches zero it issues an interrupt 
request, disables its interrupt level and continues 
counting. A subsequent high-to-low transition on pin 5 
resets Timer 5 to its initial value. For another timer 
interrupt, the Timer 5 interrupt enable bit must be set 
again. 

T35, T24 — Cascade Timers 

These two bits cascade Timers 3 and 5 or 2 and 4. 
Timers 2 and 3 are the lower bytes, while Timers 4 and 5 
are the upper bytes. If T5C is set, then both Timers 3 and 
5 can be preset and started by an external pulse. When a 
high-to-low transition occurs, Timer 5 is preset to its 
saved value, but Timer 3 is always preset to all ones. If 
either CT2 or CT3 is set, then the corresponding timer 
pair is a 16-bit event counter. 

Port 1 Control Register 



P17 


P16 


P15 


P14 


P13 


P12 


P11 


P10 



(4R) 



(4W) 



Each bit in the Port 1 Control Register configures the 
direction of the corresponding pin. If the bit is high, the 
pin is an output, and if it is low the pin is an input. Every 
Port 1 pin has another function which is controlled by 
other registers. If that special function is disabled, the 
pin functions as a general I/O pin as specified by this 
register. The special functions for each pin are des- 
cribed below. 

Port 10, 11 — Handshake Control 

If byte handshake control is enabled for Por t 2 b y the 
Mode Register, then Port 10 is programmed as STB/ACK 
handshak e control input and Port 11 is programmed as 
TBF/OBF handshake control output. 

If byte handshake mode is enabled for output on Port 2, 
OBF indicates that a character has been loaded into the 
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Port 2 output buffer. When an external device reads the 
data, it acknowledges this operation by driving ACK low. 
OBF is set low by writing to Port 2 and is reset high by 

If by te handshake mode is enabled for input on Port 2, 
"§TB is an input to the MUART to latch the data Into Port 
2. After the data is latched, IBF is driven low. IBF is reset 
high when Port 2 is read. 

Port 12, 13 — Counter 2, 3 Input 

If Timer 2 or Timer 3 is programmed as an event counter 
by the mode register, then Port 12 or 13 is the counter 
input for Event Counter 2 or 3, respectively. 

Port 14 — Baud Rate Generator Output Clock 

If test mode is enabled by the Mode Register and 
Command Register 2 baud rate select is greater than 2, 
then Port 14 is an output from the internal baud rate 
generator. 

Port 15 — Timer 5 Trigger 

If T5C is set in the Mode Register enabling a re- 
triggerable timer, then Port 15 is the input which starts 
and reloads Timer 5. 

Port 16 — Break-in Detect 

If break-in detect is enabled by BRKI in Command 
Register 1, then this input is used to sense a break-in. If 
Port 16 is low while the serial transmitter is sending the 
last stop bit, then a break-in condition is signaled. 

Port 17 — Port Interrupt Source 

If BITI in Command Register 1 is set, then a low-to-high 
transition on Port 17 generates an interrupt request on 
priority level 1. 

Receiver and Transmitter Buffer 



Port 1 



D7 


D6 


D5 


D4 


D3 


D2 


D1 | DO 



(7R) 



(7W) 



Both the transmitter and the receiver in the MUART are 
fully double buffered. The Receiver Buffer full flag is 
cleared when the character is read. If the character is 
not read before the next character's first stop bit, then 
an overrun error is generated. Bytes written to the 
Transmitter Buffer are held until the Transmitter 
Register (internal) is empty. If the Transmitter Register 
is empty, the byte is transferred immediately and the 
Transmitter Buffer empty flag is set. If a serial character 
length is less than 8 bits, then the unused most signifi- 
cant bits are set to zero on a read and are ignored on a 
write. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



(8R) 



(8W) 



Writing to Port 1 sets the data in the Port 1 output latch. 
Writing to an input pin does not affect the pin, but the 
data is stored and will be output if the direction of the 
pin is changed later. If the pin is used as a control 
signal, the pin will not be affected, but the data is 
stored. Reading Port 1 transfers the data in Port 1 onto 
the data bus. Reading an output pin or a control pin puts 
the data in the output latch (not the control signal) onto 
the data bus. 



Interrupt Enable Register 



L7 


L6 


L5 


L4 


L3 


L2 


L1 


LO 



(5R) 



(5W= enable, 
6W = disable) 



Interrupts are enabled by writing to the Set interrupts 
Register (5W). Interrupts are disabled by writing to the 
Reset Interrupts Register (6W). Each bit set by the Set 
Interrupts Register (5W) will enable that level interrupt, 
and each bit set in the Reset Interrupts Register (6W) 
will disable that level interrupt. The user can determine 
which interrupts are enabled by reading the Interrupt 
Enable Register (5R). 



Priority 


Source 


Highest LO 


Timer 1 


L1 


Timer 2 or Port Interrupt 


L2 


External Interrupt (EXTINT) 


L3 


Timer 3 or Timers 3 &5 


L4 


Receiver Interrupt 


L5 


Transmitter Interrupt 


L6 


Timer 4 or Timers 2 & 4 


Lowest L7 


Timer 5 or 




Port 2 Handshaking 



Port 2 



D7 


D6 | D5 


D4 


D3 


D2 


D1 


DO 



(9R) (9W) 

Writing to Port 2 sets the data in the Port 2 output latch. 
Writing to an input pin does not affect the pin, but it 
does store the data in the latch. Reading Port 2 puts the 
input pins onto the bus or the contents of the output 
latch for output pins. 



8-112 



iny 



8256 



&®WM1©I 0NF®G3Mm§)G0 



Timer 1 -5 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



(0A 16 -0E 16 R) 



(0A 16 -0E 16 W) 



Reading Timer N puts the contents of the timer onto the 
data bus. If the counter changes while RD is low, the 
value on the data bus will not change. If two timers are 
cascaded, reading the high order byte will cause the low 
order byte to be latched. Reading the low order byte will 
unlatch them both. Writing to either timer or de- 
cascading them also clears the latch condition. Writing 
to a timer sets the starting value of that timer. If two 
timers are cascaded, writing to the high order byte 
presets the low order byte to all ones. Loading only the 
high order byte with a value of X leads to a count of 
X- 256 + 255. Timers count down continuously. If the 
interrupt is enabled, it occurs when the counter changes 
from 1 to 0. When the interrupt is set in the Interrupt 
Register, interrupts are disabled in the Interrupt Mask 
Register. 

Status Register 



| INT | RBF | TBE | TRE | BD | PE | QE | FE 
(0F 16 R) 

FE — Framing Error, Transmission Mode 

If transmission mode is disabled (in Modification Regis- 
ter), then FE indicates a framing error. A framing error is 
detected during the first stop bit. The error is reset by 
reading the Status Register or by a chip reset. A framing 
error does not inhibit the loading of the Receiver Buffer. 
If RxD remains low, the receiver will assemble the next 
character. The false stop bit is treated as the next start 
bit, and no high-to-low transition on RxD is required to 
synchronize the receiver. 

If transmission mode is enabled, then this bit is used to 
suggest the transmitter was sending. FE will be high if 
the transmitter is active during the reception of the 
parity bit (or last data bit for no-parity), it is reset if the 
transmitter is not active or by a chip reset. The bit is 
intended to imply that the received character is from the 
transmitter in half-duplex systems. 



BD — Break Detect, Break-in Detect 

If BRKI in Command Register 1 is set to enable break-in 
detect, then BD indicates a break-in condition. If Port 16 
is low during the transmission of the last stop bit, then 
BD will be set near the end of the last stop bit. Break-in 
detect can only be detected if the internal baud rate 
generator is used. Break-in remains set until the Status 
Register is read or the chip is reset. 

If BRKI is low, then BD indicates a break condition on 
the receiver. BD is set when the first stop bit of a break 
is sampled and will remain set until the Status Register 
is read or the chip is reset. The receiver will remain idle 
until the next high-to-low transition on RxD. A detected 
break inhibits the loading of the Receiver Buffer. 

TRE — Transmitter Register Empty 

This status bit indicates that the Transmitter Register is 
busy. It is set by a chip reset and when the last stop bit 
has left the transmitter. It is reset when a character is 
loaded into the Transmitter Register. If CTS is low, the 
Transmitter Register will be lo aded during the trans- 
mission of the start bit. If CTS is high at the end of a 
character, TRE will remain high and no c harac ter will be 
loaded into the Transmitter Register until CTS goes low. 
If the transmitter was inactive before a character is 
loaded into the Transmitter Buffer, the Transmitter 
Register will be empty temporarily while the buffer is 
full. However, the data in the buffer will be transferred to 
the transmitter register immediately and TRE will be 
cleared while TBE is set. 

TBE — Transmitter Buffer Empty 

TBE indicates the Transmitter Buffer is empty and is 
ready to accept a character. TBE is set by a chip reset or 
the transfer of data to the Transmitter Register and is 
cleared when a character is written to the transmitter 
buffer. 

RBF — Receiver Buffer Full 

RBF is set when the Receiver Buffer has been loaded 
with a new character during the sampling of the first 
stop bit. RBF is cleared by reading the receiver buffer or 
by a chip reset. 



OE — Overrun Error 

If the user does not read the character in the Receiver 
Buffer before the next character is received and 
transferred to this register, then the OE bit is set. The 
OE flag is set during the reception of the first stop bit 
and is cleared when the Status Register is read or when 
a chip reset occurs. 

PE — Parity Error 

A parity error is set during the first stop bit and is reset 
by reading the Status Register or by a chip reset. 



INT — Interrupt Pending 

The INT bit reflects the state of the INT pin (pin 15) and 
indicates an interrup t is pending in the Interrupt 
Register. It is reset by INTA or by reading the Interrupt 
Address Register if only one interrupt is pending and by 
a chip reset. 

FE, OE, PE, RBF, and break detect ail generate a level 4 
interrupt when the receiver samples the first stop bit. 
TRE, TBE, and break-in detect generate a level 5 inter- 
rupt. TRE generates an interrupt when TBE is set and 
the Transmitter Register finishes transmitting. The 
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break-in detect interrupt is issued at the same time as 
TBE or TRE. 

Modification Register 






RS4 


RS3 


RS2 | RS1 


RSO 


tme| DSC 



(0F 16 W) 

DSC — Disable Start Bit Check 

DSC disables the receiver's start bit check. In this state 
the receiver will not be reset if RxD is not low at the 
center of the start bit. This function is disabled by a chip 
reset. 

TME — Transmission Mode Enable 

TME enables transmission mode and disables framing 
error detection. A chip reset disables transmission 
mode and enables framing error detection. 

RSO, RS1, RS2, RS3, RS4 — Receiver Sample Time 

The number in RSn alters when the receiver samples 
RxD. A chip reset sets this value to which is the center 



of the bit (sample time = 16). The receiver sample time 
can be modified only if the receiver is not clocked by 
RxC. 











Sample Time 


RS4 


RS3 


RS2 


RS1 


RS0 = 


RS0=1 





1 


1 


1 


2 


1 





1 


1 





4 


3 





1 





1 


6 


5 





1 








8 


7 








1 


1 


10 


9 








1 





12 


11 











1 


14 


13 














16 


15 




1 


1 


1 


18 


17 




1 


1 





20 


19 




1 





1 


22 


21 




1 








24 


23 







1 


1 


26 


25 







1 





28 


27 










1 


30 


29 













32 


31 
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8271/8271-6 
PROGRAMMABLE FLOPPY DISK CONTROLLER 



IBM 3740 Soft Sectored Format Compatible 

Programmable Record Lengths 

Multi-Sector Capability 

Maintain Dual Drives with Minimum Software 
Overhead Expandable to 4 Drives 

Automatic Read/Write Head Positioning and 
Verification 



■ Internal CRC Generation and Checking 

■ Programmable Step Rate, Settle-Time, Head 
Load Time, Head Unload Index Count 

■ Fully MCS-80™ and MCS-85™ Compatible 

■ Single + 5V Supply 

■ 40-Pin Package 



The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 
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38 
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5 


36 


3 
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c 


6 


35 


3 


DACK 
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7 


34 


3 


DRQ 


c 


8 


33 


3 


RD 


c 


9 


32 


3 


WR 
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c 
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DBO 


c 


12 


29 


3 


DB1 


c 


13 


28 


3 


DB2 


c 


14 


27 


3 


DB3 


c 


15 


26 


3 


DB4 C 


16 


25 


3 


DB5 C 


17 


24 


3 


DB6 


c 


18 


23 


3 


DB7 


c 


19 


22 


3 


GND 


c 


20 


21 


3 



Vcc 

LOW CURRENT 

LOAD HEAD 
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DISK INTERFACE 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


40 




+5V Supply. 


GND 


20 




Ground. 


Cfock 


3 


I 


Clock: A square wave clock. 


Reset 


4 


I 


Reset: A high signal on the 
reset input forces the 8271 to 
an idle state. The 8271 re- 
mains idle until a command is 
issued by the CPU. The out- 
put signals of the drive inter- 
face are forced inactive 
(LOW). Reset must be active 
for 10 or more clock cycles. 


CS 


24 


I 


Chip Select: The I/O Read 
and I/O Write inputs are 
enabled by the chip select 
signal. 


DB 7 -DB 


19-12 


I/O 


Data Bus: The Data Bus lines 
are bidirectional, three-state 
lines (8080 data bus com- 
patible). 


WR 


10 


I 


Write: The Write signal is 
used to signal the control 
logic that a transfer of data 
from the data bus to the 8271 
is required. 


RD 


9 


I 


Read: The Read signal is 
used to signal the control 
logic that a transfer of data 
from the 8271 to the data bus 
is required. 


INT 


11 





Interrupt: The interrupt sig- 
nal indicates that the 8271 
requires service. 


Ai-A 


22-21 


I 


Address Line: These two 
lines are CPU Interface Reg- 
ister select lines. 


DRQ 


8 





Data Request: The DMA 

request signal is used to re- 
quest a transfer of data be- 
tween the 8271 and memory. 


DACK 


7 


I 


Data Acknowledge: The 

DMA acknowledge signal 
notifies the 8271 that a DMA 
cycle has been granted. For 
non-DMA transfers, this sig- 
nal should be driven in the 
manner of a "Chip Select." 


Select 1- 
Select 


6 
2 





Selected Drive: These lines 
are used to specify the 
selected drive. These lines 
are set by the command byte. 



Symbol 


Pin 
No. 


Type 


Name and Function 


Fault Reset/ 
OPO 


1 


O 


Fault Reset: The optional 
fault reset output line is used 
to reset an error condition 
which is latched by the drive. 
If this line is not used for a 
fault reset it can be used as 
an optional output line. This 
line is set with the write spe- 
cial register command. 


Write Enable 


35 


O 


Write Enable: This signal 
enables the drive write logic. 


Seek/Step 


36 





Seek/Step: This multi- 
function line is used during 
drive seeks. 


Direction 


37 





Direction: The direction line 
specifies the seek direction. 
A high level on this pin steps 
the R/W head toward the 
spindle (step-in), a low level 
steps the head away from the 
spindle (step-out). 


Load Head 


38 





Load Head: The load head 
line causes the drive to load 
the Read/Write head against 
the diskette. 


Low Current 


39 





Low Current: This line 
notifies the drive that track 43 
or greater is selected. 


Ready 1 , 
Ready 


5 
32 


I 


Ready 1 : These two lines in- 
dicate that the specified drive 
is ready. 


Fault 


28 


I 


Fault: This line is used by the 
drive to specify a file unsafe 
condition. 




30 


I 


Count/OPI: If the optional 
seek/direction/count seek 
mode is selected, the count 
pin receives pulses to step 
the R/W head to the desired 
track. Otherwise, this line can 
be used as an optional input. 


Count/OPI 




33 


I 


Write Protect: This signal 
specifies that the diskette in- 
serted is write protected. 


Write Protect 


TRK0 


31 


I 


Track Zero: This signal indi- 
cates when the R/W head is 
positioned over track zero. 


Index 


34 


I 


Index: The index signal gives 
an indication of the relative 
position of the diskette. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


PLO/SS 


25 


I 


Phase-Locked Oscillator/ 
Single Shot: This pin is used 
to specify the type of data 
separator used. 


Write Data 


29 





Write Data: Composite write 
data. 




27 


I 


Unseparated Data: This 
input is the unseparated data 
and clocks. 


Unseparated 
Data 


Data Window 


26 


' 


Data Window: This is a data 
window established by a 
single-shot or phase-locked 
oscillator data separator. 


INSYNC 


23 





Input Synchronization: This 
line is high when 8271 has at- 
tained input data synchroni- 
zation, by detecting 2 bytes of 
zeros followed by an ex- 
pected Address Mark. It will 
stay high until the end of the 
ID or data field. 



CPU Interface Description 

This interface minimizes CPU involvement by supporting 
a set of high level commands and both DMA and non-DMA 
type data transfers and by providing hierarchical status 
information regarding the result of command execution. 

The CPU utilizes the control interface (see the Block 
diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the Ai, Ao, RTJ and WR signals. If an 8080 based 
system is u sed, t he R D and WR signals can be driven by 
the 8228's l/OR and l/OW signals. The registers are 
defined as follows: 



Command Register 

The CPU loads an appropriate command into the 
Command Register which has the following format: 



At Ao D 7 


D 6 D 5 D 4 D 3 


D 2 Di Do 


|o|o| | | | | | | | | 

















COMMAND OPCODE 
SURFACE/DRIVE 
(SELECT 0, 1) 



FUNCTIONAL DESCRIPTION 

General 

The 8271 Floppy Disk Controller (FDC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-85 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 

The 8271 FDC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 

In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 



Parameter Register 

Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 



A, A D 7 D 6 D 5 D 4 D 3 D 2 D, D 

I'M I' 



- EXPECTED PARAMETER 



Result Register 

The Result Register is used to supply the outcome of FDC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 



Ai Ao D 7 D 6 D 5 D 4 D 3 D 2 D-| 


Do . 


|o|i 1 o | | | | | | 


hi 



- NOT USED = 

- COMPLETION CODE 

- COMPLETION TYPE 

- DELETED DATA FOUND 
-NOT USED = 00 
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STATUS REG. 


COMMAND REG. 




RESULT REG. 


PARAMETER REG. 






TEST MOO E 





/l-N 



•O 
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A-N 




CPU INTERFACE 
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INTERFACE 
CONTROLLER 



o 
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INTERFACE 
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DISK INTERFACE 



Figure 3. 8271 Block Diagram Showing CPU 
interface Functions 



Status Register 

Reflects the state of the FDC. 



- 1 = NON-DMA DATA REQUEST 

- 1 = INTERRUPT REQUEST 

- 1 = RESULT REGISTER FULL 

- 1 = PARAMETER REGISTER FULL 

- 1 = COMMAND REGISTER FULL 

- 1 = COMMAND BUSY 



Ai 


A D 7 D 6 D 5 D 4 D 3 D 2 Dy D 


1° 


! o | | | | | | | | | 



Reset Register 

Allows the 8271 to be reset by the program. Reset must 
be active for 11 or more chip clocks. 



INT (Interrupt Line) 

Another element of the control interface is the Interrupt 
line (INT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until the 
result register is read. 

DMA Operation 

The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 usee) to justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 



DRQ: DMA Request: 

The DMA request signal is used to request a transfer of 

data between the 8271 and memory. 



DACK: DMA Acknowledge: 

The DMA acknowledge signal notifies the 8271 that a DMA 

cycle has been granted. 

RD, WR: Read, Write 

The read and write signals are used to specify the 

direction of the data transfer. 

DMA transfers require the use of a DMA controller such as 
the lntel®8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. 
To request a DMA transfer, the FDC raises DRQ. DACK 
and RD enable DMA data onto the bus (independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 ^sec, the command is cancelled, a late 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 

When configured to transfer data in non-DMA mode, the 
CPU must pass data to the FDC in response to the non- 
DMA data requests indicated by the status word. The 
data is passed to and from the chip by asserting the 
DACK and the RD or WR signals. Chip select should be 
inactive (HIGH). 
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Figure 4. 8271 Block Diagram Showing Disk Interface 
Functions 
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Disk Drive Interface 

The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip- 
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1 ) with the addition of minimal support hardware. 

The FDC Disk Drive Interface has the following major 
functions. 

READ FUNCTIONS 

Utilize the user supplied data window to obtain the clock 

and data patterns from the unseparated read data. 

Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 

WRITE FUNCTIONS 

Encode composite write data. 

Compute the ID and data field CRCs and append them to 
their respective fields. 

CONTROL FUNCTIONS 

Generate the programmed step rate, head load time, head 

settling time, head unload delay, and monitor drive 

functions. 



Data Separation 

The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the Address Marks. 

The window generation logic may be implemented using 
either a single-shot separator or a phase-locked oscillator. 

Single-Shot Separator 

The single-shot separator approach is the lowest cost 
solution. 

The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = full bit-cell, low input = half bit-cell). 
PLO/SS should be tied to Ground. 

Insync Pin 

This pin gives an indication of whether the 8271 is 
synchronized with the serial data stream during read 
operations. This pin can be used with a phase-locked 
oscillator for soft and hard locking. 
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Figure 5. 8271 Disk Drive Interface 
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Figure 6. Single-Shot Data Separator Block Diagram 
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Figure 7. Single-Shot Data Window Timing 



Phase-Locked Oscillator Separator 

The FDC samples the value of Data Window on the leading Insync may be used to provide soft and hard locking 
edge of Unseparated Data and determines whether the control for the phase-locked oscillator, 
pulse represents a Clock or Data Pulse. 

PLO/SS should be tied to Vcc (+5V). 
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Figure 8. PLO Data Separator Block Diagram 
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Figure 9. PLO Data Window Timing 



Disk Drive Control Interface 

The disk drive control interface performs the high level 
and programmable flexible disk drive operations. It 
custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 



Write Enable 

The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable is a logical zero, 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 
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Figure 10. Write Enable Timing 
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Seek Control 

Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be implemented two ways to 
provide maximum flexibility in the subsystem design. One 
instance is when the programmed step rate is not equal to 
zero. In this case, the 8271 uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 

Another instance is when the programmable step rate is 
equal to zero, in which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count input pin. 



The Direction pin is a control level indicating the direction 
in which the R/W head is stepped. A logic high level on this 
line moves the head toward the spindle (step-in). A logic 
low level moves the head away from the spindle (step-out). 



DIRECTION 



-2k 



SEEK/STEP 



p— ^S 

Jl TL. 



-4 



X 



- l SD 



tps 



STANDARD: 1ms<t s < 255ms 
MINI-FLOPPY: 2ms < t s < 510ms 



Figure 11. Seek Timing 
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Figure 12. Seek/Step/Count Timing 
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Head Seek Settling Time 

The 8271 allows the head settling time to be programmed 
from to 255ms, in increments of 1ms. 

The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or writing on the diskette is possible (R/W Enable). The 
R/W head is assumed loaded. 





K 


LAST STEP COMPLETE 


SEEK OR LAST STEP | | 
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tsw *" 
WRITE/READ ENABLE 

STANDARD: 0<*t S w< 255ms 
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I 

i — 

*R/W HEAD IS ASSUMED LOADED. 



Figure 13. Head Load Settling Timing 



Load Head 

When active, load head output pin causes the drive's 
read/write head to be loaded on the diskette. When the 
head is initially loaded, there is a programmed delay (0 to 
60ms in 4ms increments) prior to any read or write 
operation. Provision is also made to unload the head 
following an operation within a programmed number of 
diskette revolutions. 
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t LW ■ »■ 
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STANDARD: 0<t LW <60ms 
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Figure 14. Head Load to Read/Write Timing 
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Index 

The Index input is used to determine "Sector not found" 
status and to initiate format track/read ID commands and 
head unload Index and Count operations. 




Figure 15. Index Timing 



Track 

This input pin indicates that the diskette is at track 0. 
During any seek operation, the stepping out of the 
actuator ceases when the track pin becomes active. 

Select 1, 

Only one drive may be selected at a time. The 
Input/Output pins that must be externally qualified with 
Select and Select 1 are: 

Unseparated Data 

Data Window 

Write Enable 

Seek/Step 

Count/Optional Input 

Load Head 

Track 

Low Current 

Write Protect 

Write Fault 

Fault Reset/Optional Output 

Index 

When a new set of select bits is specified by a new com- 
mand or the FDC finishes the index count before head 
unload, the following pins will be set to the state: 

Write Enable (35) 
Seek/Step (36) 
Direction (37) 
Load Head (38) 
Low Head Current (39) 

The select pins will be set to the state specified by the 
command or both are set to zero following the index 
count before head unload. 

Low Current 

This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Generally 



this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 

Write Protect 

The 8271 will not write to a disk when this input pin is 
active and will interrupt the CPU if a Write attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 

This signal normally originates from a sensor which 
detects the presence or absence of the Write Protect 
hole in the diskette jacket. 

Write Fault and Write Fault Reset 

The Write Fault input is normally latched by the drive 
and indicates any condition which could endanger data 
integrity. The 8271 interrupts the CPU anytime Write 
Fault is detected during an operation and immediately 
resets the Write Enable, Seek/Step, Direction, and Low 
Current signals. The write fault condition can be cleared 
by using the write fault reset pin. If the drive being used 
does not support write fault, then this pin should be 
connected to V cc through a pull-up resistor. 

Ready 1, 

These two pins indicate the functional status of the disk 
drives. Whenever an operation is attempted on a drive 
which is not ready, an interrupt is generated. The inter- 
face continually monitors this input during an operation 
and if a Not Ready condition occurs, immediately ter- 
minates the operation. Note that the 8271 latches the 
Not Ready condition and it can only be reset by the exe- 
cution of a Read Drive Status command. For drives that 
do not support a ready, signal, either one can be derived 
with a one shot and the index pulse, or the ready inputs 
can be grounded and Ready determined through some 
software means. 
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PRINCIPLES OF OPERATION 



The Command Phase 



As an 8080 peripheral device, the 8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication with the CPU is established by the 
activation of CS and RD or WR. The Ai, Ao inputs select 
the appropriate registers on the chip: 
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X 


X 





1 


Read Data 
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The FDC operation is composed of the following 
sequence of events. 



COMMAND PHASE 



8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 



EXECUTION PHASE THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS. 



RESULT PHASE 



THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
THE OUTCOME OF THE OPERATION. 
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Figure 16. Passing the Command and Parameters 
to the 8271 



The software writes a command to the command register. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
is busy. Issuing a command while another command is in 
progress is illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter is over 
written and lost. 




c 



ENTER 
RESULT 
PHASE 



3c 



NOTE: 

STANDARD RESULT RETURNED CAN BE 
DETERMINED BY MASKING OUT THE 
DRIVE SELECT BITS OF THE COMMAND 
BYTE (BITS 7 AND 6) AND CHECKING 
FOR A VALUE OF LESS THAN 2C16 (IF 
LESS THAN 2C16, STANDARD RESULT 
IS RETURNED). 

IMMEDIATE RESULT RETURNED CAN 
BE DETERMINED BY ADDITIONALLY 
MASKING OUT BITS 5 AND 4 OF THE 
COMMAND BYTE AND CHECKING FOR 
A VALUE OF C16 OR GREATER (IF C-|6 
OR GREATER, IMMEDIATE RESULT 
RETURNED). 



Figure 17. Checking for Result Type Following 8271 
Command and Parameters 



The Execution Phase 

During the execution phase the operation specified 
during the command phase is performed. During this 
phase, there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 
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EXECUTION PHASE BASIC CHARACTERISTICS 

The following table summarizes the various commands 
with corresponding execution phase characteristics. 







Table 2. Execution Phase Basic Characteristics 
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3 
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Completion 
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Data 
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Seek 
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YES 
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X 
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DEL DATA 
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WRITE DEL DATA 


X 
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SKIP 
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XFER 
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DEL DATA 
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X 
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y 


X 


YES 


NO 


YES 
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VERIFY DATA AND 
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DEL DATA 


















FORMAT TRACK 


X 


LOAD 


y 


y 


YES 


NO 


YES 


YES 


SEEK 


X 


LOAD 


y 


X 


YES 


NO 


YES 


YES 


READ DRIVE STATUS 


X 


- 


X 


A 


NO 




NOTES 


NO 


SPECIFY 


X 


- 


X 


X 


NO 


NO 


NO 


NO 


RESET 


X 


UNLOAD 


X 


X 


NO 


NO 


NO 


NO 


R SP REGISTERS 


X 


- 


X 


X 


NO 


NO 


NOTE 6 


NO 


W SP REGISTERS 


X 


— 


X 


X 


NO 


NO 


NO 


NO 


Note: 1. "x"^ DON'T CARE 


2. V" -* check 3. "-" -* No 


change 4. "y" 


- Check at end of operation 5 


See "READ DRIVE STATUS" command. 


6. See "READ SPECIAL REGISTER" command. 















Explanation of the execution phase characteristics table. 

1. Deleted Data Processing 

If deleted data is encountered during an operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte. However, if the operation is marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 

2. Head 

The Head column in the table specifies whether the 
Read/Write head will be loaded or not. If the table 
specifies load, the head is loaded after it is positioned 
over the track. The head loaded by a command remains 
loaded until the user specified number of index pulses 
have occurred. 

3. Ready 

The Ready column indicates if the ready line (Ready 
1, Ready 0) associated with the selected drive is 
checked. A not ready state is latched by the 8271 un- 
til the user executes a read status command. 



4. Write Protect 

The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 

5. Seek 

Many of the 8271 commands cause a seek to the 
desired track. A current track register is maintained for 
each drive or surface. 

6. Seek Check 

Operations that perform Seek Check verify that 
selected data in the ID field is correct before the 8271 
accesses the data field. 
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Figure 18. Getting the Result 



The Result Phase 

During the Result Phase, the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 

2. An error detected during an operation. 
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FDC Status 



COMMAND BUSY 
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Bit 7: Command Busy 

The command busy bit is set on writing to the command 
register. Whenever the FDC is busy processing a 
command, the command busy bit is set to a one. This bit is 
set to zero after the command is completed. 

Bit 6: Command Full 

The command full bit is set on writing to the command 

buffer and cleared when the FDC begins processing the 

command. 

Bit 5: Parameter Full 

This bit indicates the state of the parameter buffer. This bit 
is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 



Bit 4: Result Full 

This bit indicates the state of the result buffer. It is valid 
only after Command Busy bit is low. This bit is set when 
the FDC finishes a command and is reset after the result 
byte is read by the CPU. The data in the result buffer is 
valid only after the FDC has completed a command. 
Reading the result buffer while a command is in progress 
yields no useful information. 

Bit 3: Interrupt Request 

This bit reflects the state of the FDC INT pin. It is set 
when FDC requests attention as a result of the comple- 
tion of an operation or failure to complete an intended 
operation. This bit is cleared by reading the result 
register. 

Bit 2: Non-DMA Data Request 

When the FDC is utilized without a DMA controller, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt is generated (interrupt 
request bit is set) with each data byte written to or read 
from the diskette. 

Bits 1 and 0: 

Not used (zero returned). 

After reading the Status Register, the CPU then reads the 
Result Register for more information. 

THE RESULT REGISTER 

This byte format facilitates the use of an address taole 
to look up error routines and messages. The standard 
result byte format is: 



- NOT USED = 

- COMPLETION CODE 

- COMPLETION TYPE 

- DELETED DATA FOUND 

- NOT USED = 00 



D 7 D 6 D 5 D 4 D 3 D 2 D-[ 


Do 


l°l°l I I I I 


| o | 



Bits 7 and 6: 

Not used (zero returned). 

Bit 5: 

Deleted Data Found: This bit is set when deleted data is 
encountered during a transaction. 

Bits 4 and 3: Completion Type 

The completion type field provides general information 
regarding the outcome of an operation. 

The completion type field provides general information 
regarding the outcome of an operation. 



Completion 
Type 



Event 



00 Good Completion — No Error 

01 System Error — recoverable errors; 

10 operator intervention probably required 
for recovery. 

1 1 Command/Drive Error — either a program 
error or drive hardware failure. 
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Bits 2 and 1: Completion Code 

The completion code field provides more detailed 
information about the completion type (See Table). 

Completion Completion 
Type 

00 



00 
00 
00 
01 
01 
01 
01 
10 
10 
10 
10 

11 
11 
11 
11 



Code 


Event 


00 


Good Completion/ 




Scan Not Met 


01 


Scan Met Equal 


10 


Scan Met Not Equal 


11 





00 


Clock Error 


01 


Late DMA 


10 


ID CRC Error 


11 


Data CRC Error 


00 


Drive Not Ready 


01 


Write Protect 


10 


Track Not Found 


11 


Write Fault 


00 


Sector Not Found 


01 





10 





11 






It is important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required, the user may simply branch on a 
zero result (a zero result is a good completion). The next 
level of complexity is at the completion type interface. The 
completion type supplies enough information so that the 
software may distinguish between fatal and non-fatal 
errors. If a completion type 01 occurs, ten retries should 
be performed before the error is considered unre- 
coverable. 



The Completion Type/Completion Code interface sup- 
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion is required. 



Bit 0: 

Not used (zero returned). 



Table 3. Completion Code Interpretation 



Definition 



Interpretation 



Successful Completion/ 
Scan Not Met 

Scan Met Equal 
Scan Met Not Equal 
Clock Error 



ID Field CRC Error 



Data Field CRC Error 



Drive Not Ready 



Write Protect 
Track 00 Not Found 
Write Fault 
Sector Not Found 



The diskette operation specifiea was completed without error. If scan operation 
was specified, the pattern scanned was not found on the track addressed. 

The data pattern specified with the scan command was found on the track 
addressed with the specified comparison, and the equality was met. 

The data pattern specified with the scan command was found with the 
specified comparison on the track addressed, but the equality was not met. 

During a diskette read operation, a clock bit was missing (dropped). Note that this 
function is disabled when reading any of the ID address marks (which contain 
missing clock pulses). If this error occurs, the operation is terminated immedi- 
ately and an interrupt is generated. 

During either a diskette read or write operation, the data channel did not respond 
within the allotted time interval to prevent data from being overwritten or lost. This 
error immediately terminates the operation and generates an interrupt. 
The CRC word (two bytes) derived from the data read in an ID field did not match 
the CRC word written in the ID field when the track was formatted. If this error 
occurs, the associated diskette operation is prevented and no data is transferred. 

During a diskette read operation, the CRC word derived from the data field read 
did not match the data field CRC word previously written. If this error occurs, the 
data read from the sector should be considered invalid. 

The drive addressed was not ready. This indication is caused by any of the 
following conditions: 

1. Drive not powered up 

2. Diskette not loaded 

3. Non-existent drive addressed 

4. Drive went not ready during an operation 

Note that this completion code is cleared only through an FDC read drive 
status command. 

A diskette write operation was specified on a write protected diskette. The 
intended write operation is prevented and no data is written on the diskette. 

During a seek to track 00 operation, the drive failed to provide a track 00 
indication after being stepped 255 times. 

This error is dependent on the drive supported and indicates that the fault input to 
the FDC has been activated by the drive. 

Either the sector addressed could not be found within one complete revolution of 
the diskette (two index marks encountered) or the track address specified did not 
match the track address contained in the ID field. Note that when the track 
address specified and the track address read do not match, the FDC automatically 
increments its track address register (stepping the drive to the next track) and 
again compares the track addresses. If the track addresses still do not match, the 
track address register is incremented a second time and another comparison is 
made before the sector not found completion code is set. 
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INITIALIZATION 
Reset Command 
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Function: The Reset command emulates the action of 
the reset pin. It is issued by outputting a one followed 
by a zero to the Reset register. 

1. The drive control signals are forced low. 

2. An in-progress command is aborted. 

3. The FDC status register flags are cleared. 

4. The FDC enters an idle state until the next command is 
issued. 

Reset must be active for 10 or more clock cycles. 

SPECIFY COMMAND 

Many of the interface characteristics of the FDC are 

specified by the systems software. Prior to initiating any 

drive operation command, the software must execute 

the three specify commands. There are two types of 

specify commands selectable by the first parameter 

issued. 

First Parameter Specify Type 



ODh 
10h 
-18h 



Initialization 

Load bad Tracks Surface '0' 

Load bad Tracks Surface '1' 



The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive's inherent operating characteristics and 
also is used following a formatting operation or 
installation of another diskette to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 

Initialization: 



CMD: 














1 


1 





1 





1 


PAR: 





1 














1 


1 





1 


PAR: 





1 


STEP RATE* 


PAR: 





1 


HEAD SETTLING TIME* 


PAR: 





1 


INDEX CNT BEFORE 
HEAD UNLOAD* 


HEAD LOAD TIME* 



*Note: Mini-floppy parameters are doubled. 

Parameter — ODh = Select Specify Initialization. 
Parameter 1 — D7-D0 = Step Rate (0-255ms in 1 ms steps). 
Parameter 2 — D7-D0 = Head Settling Time (0-255ms in 1 

ms steps). {0- 510ms in 2ms steps} () = standard, 

{}=mini 
Parameter 3 — D7-D4 = Index Count — Specifies the 

number of Revolutions (0-14) which are to occur before 

the FDC automatically unloads the R/W head. If 15 is 

specified, the head remains loaded. 

D3-D0 = Head Load Time (0-60ms in steps of 4ms). 
{0- 120ms in 8ms steps} () = standard, {}=mini 





A i 


A o 


D7 


D 6 


D 5 


D 4 


D 3 


D 2 


D 1 


D o 


CMD: 














1 


1 





1 





1 


PAR: 





1 











1 


1/0 











PAR: 





1 


BAD TRACK NO. 1 


PAR: 





1 


BAD TRACK NO. 2 


PAR: 





1 


CURRENT TRACK 



Parameter 0: 10h = Load Surface zero bad tracks 
18h = Load Surface one bad track 

Parameter 1: 

Bad track address number 1 (Physical Address). 

It is recommended to program both bad tracks and cur- 
rent track to FF H during initialization. 



SEEK COMMAND 

The seek command moves the head to the specified track 

without loading the head or verifying the track. 

The seek operation uses the specified bad tracks to 

compute the physical track address. This feature insures 

that the seek operation positions the head over the correct 

track. 

When a seek to track zero is specified, the FDC steps 
the head until the track 00 signal is detected. 

If the track 00 signal is not detected within (FF)h steps, a 
track not found error status is returned. 

A seek to track zero is used to position the read/write head 
when the current head position is unknown (such as after 
a power up). 





Ai 


Ao 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


CMD: 








SEL 
1 


SEL 



1 





1 








1 


PAR: 





1 


TRACK ADDRESS 0-255 



Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 

READ DRIVE STATUS COMMAND 

This command is used to interrogate the drive status. 
Upon completion the result register will hold the final 
drive status. 



A D 7 D 6 D 5 









SEL 

1 


SEL 



1 





1 


1 








RESULT: EACH BIT INDICATES CURRENT STATE OF INPUT PINS. 
Ai A D 7 D 6 D 5 D 4 D 3 D 2 D, D 





1 





RDY 

1* 


WR 
FAULT 


INDEX 


WR 
PROT 


RDY 
0* 


TRACK 



CNT/ 
/"OPI 



IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 



*Note the two ready bits are zero latching. Therefore, to clear the drive 
not ready condition, assuming the drive is ready, and to detect it via soft- 
ware, one must issue this command twice. 
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VES 


S' NON-DMA 
S^ OR 












V. SINGLE 


c 


START 




SET NON-DMA 

AND/OR 

SINGLE ACTUATOR 






1 




POWER-UP 
ALL DRIVES 






















1 






SEEK TO 
TRACK 
ON DRIVE 




RESET 
INTERFACE 
















1 






NO 




RESET 

i FDC 






WAIT FOR 
INTERRUPT 






1 






1 




SPECIFY 

DRIVE 

CHARACTERISTICS 




S' INTERRUPT ^S. 
V. ? ^S 






\ 






SPECIFY 

BAD TRACKS 

DRIVE 








1 










SPECIFY 

BAD TRACKS 

DRIVE 1 






READ 
RESULT 
BYTE 


^r 2ND DRIVE 
^^ PRESENT 

















SEEK TO 
TRACK 
ON DRIVE 1 




READ 
RESULT. 
BYTE 



Figure 19. Initialization of the 8271 by the User 



Read/Write Special Registers 



This command is used to access special registers within 
the 8271. 



Mode Register Write Parameter Format 

D 7 D 6 D 5 D 4 D 3 D 2 D, D 





At 


Ao 


D 7 


D 6 


D 5 D 4 D 3 D 2 


Di 


Do 


CMD: 








SEL 

1 


SEL 



COMMAND OPCODE 


PAR: 





1 


REGISTER ADDRESS 



i M |Q| ololol II 



DMA MODE, = 1 NOIM DMA 

DOUBLE, = 1 SINGLE ACTUATOR 



Command code: 
3Dh Read Special Register 
3Ah Write Special Register 

For both commands, the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only the Read Special 
Register command supplies a result. 



Table 4. Special Registers 


Description 


Register Address 
in Hex 


Comment 


Scan Sector Number 


06 


See Scan Description 


Scan MSB of Count 


14 


See Scan Description 


Scan LSB of Count 


13 


See Scan Description 


Surface Current Track 


12 




Surface 1 Current Track 


1A 




Mode Register 


17 


See Mode Register 
Description 


Drive Control Output Port 


23 


See Drive Output 
Port Description 


Drive Control Input Port 
Surface Bad Track 1 


22 
10 


See Drive Input 
Port Description 


Surface Bad Track 2 


11 




Surface 1 Bad Track 1 


18 




Surface 1 Bad Track 2 


19 





Bits 6 & 7 

Must be one. 

Bits 5-2 

(Not used). Must be set to zero. 

*Bit 1 

Double/Single Actuator: Selects single or double actuator 
mode. If the single actuator mode is selected, the FDC 
assumes that the physical track location of both disks is 
always the same. This mode facilitates control of a drive 
which has a single actuator mechanism to move two 
heads. 

*BitO 

Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero, the FDC operates in the DMA 
mode (DMA Request/ACK). If this bit is a one, the FDC 
operates in non-DMA mode. When the FDC is operating in 
DMA mode, interrupts are generated at the completion of 
commands. If the non-DMA mode is selected, the FDC 
generates an interrupt for every data byte transferred. 



*Bits and 1 are initialized to zero. 
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Non-DMA Transfers in DMA Mode 

If the user desires, he may retain the use of interrupts 
generated upon command completions. This mode is 
accomplished by selecting the DMA capability, but 
using the DMA REQ/ACK pins as effective INT and CS 
signals, respectively. 



Drive Control Input Port 

Reading this port will give the CPU exactly the data that 
the FDC sees at the corresponding pins. Reading this 
port will update the drive not ready status, but will not 
clear the status. (See Read Drive Status Command for 
Bit locations.) 

Drive Control Output Port Format 



D 7 D 6 D 5 D 4 D 3 D 2 D, Dp 




WRITE ENABLE 

SEEK/STEP 
-DIRECTION 
-LOAD HEAD 

-LOW HEAD CURRENT 

WRITE FAULT RESET/ 
" OPTIONAL OUTPUT 
- SELECT 



SELECT 1 

Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault 
reset signal. This signal is used to clear a write fault 
indication within the drive. On mini-sized drives, this bit 
can be used to turn on or off the drive motor prior to initi- 
ating a drive operation. A time delay after turn on may be 
necessary for the drive to come up to speed. The regis- 
ter must be read prior to writing the register in order to 
save the states of the remaining bits. When the register 
is subsequently written to modify bit 5, the remaining 
bits must be restored to their previous states. 

IBM DISKETTE GENERAL FORMAT 
INFORMATION 

The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either one or both sides 
(surfaces) of the diskette. On double-sided diskettes, the 
corresponding top and bottom tracks are referred to as a 
CYLINDER. Each track is further divided into fixed length 
sections or SECTORS. The number of sectors pertrack — 
26, 1 5 or 8 — is determined when a track is formatted and is 
dependent on the sector length — 128, 256 or 512 bytes 
respectively — specified. 

All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector cell (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
initiate a track formatting operation. 



Track Format 

Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can hold a 
whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 
use of diskette space can be chosen depending upon the 
record length required. 

Tracks are numbered from 00 (outer-most) to 76 (inner- 
most) and are used as follows: 

TRACK 00 reserved as System Label Track 

TRACKS 01 through 74 used for data 

TRACKS 75 and 76 used as alternates. 

Each sector consists of an ID field (which holds a unique 
address for the sector) and a data field. 

The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an I D field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 

The Gaps separating the index mark and the ID and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
drive manufacturing tolerances to ensure that data written 
on a diskette by one system can be read by another 
(diskette interchangeability). 

IBM Format Implementation Summary 
Track Format 

The disk has 77 tracks, numbered physically from 00 to 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM format track 00 cannot be a bad track. 

Sector Format 

Each track is divided into 26, 15, or 8 sectors of 128, 256, 
or 512 bytes length respectively. The first sector is 
numbered 01, and is physically the first sector after the 
physical index mark. The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 

Each sector consists of an ID field and a data field. All 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (00)h followed by a one byte 
address mark. 

Address Marks 

Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of ID and Data 
fields. Address Mark bytes are unique from all other data 
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ID Field 

■ — A 




128, 256, or 51 2 Bytes 



Sync 
Field 



AM2: Data: hexFBoi 
FB = data field 
F8 = control field 
(The control field can 
begin with a D or an F 
O = deleted record 
F = defective record 
Clock: hex C7) 



© © © 



Hex 00 for 128 byte per sector format 
Hex 01 for 256 byte per sector format 
Hex 02 for 51 2 byte per sector format 



Hex 01 through 1A for 128 byte per sector format diskette 
Hex 01 through OF for 256 byte per sector format diskette 
Hex 01 through 08 for 512 byte per sector format diskette 



© 
© 
© 
© 



Pre-index gap. 

Post-index gap. 

6 bytes of zeroes. 

Cyclic redundancy check. 
The check bytes are 
generated during a write 
operation. They are ussed 
during a read operation 
to verify that data is 
read correctly. 



Hex 00 for one-sided diskettes and side of V 
Hex 01 for side 1 of two-sided diskettes 



>-sided diskettes 



Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76 
are used as alternate cylinders.) 



(5) Post-ID gap. 
(q\ Post-data gap. 



AM1: identifies ID field 
Data: hex FE 
Clock: hex C7 



Figure 20. Track Format 



bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cell.) There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 

Index Address Mark 

The Index Address Mark is located at the beginning of 
each track and is a fixed number of bytes in front of the 
first record. 

ID Address Mark 

The ID Address Mark byte is located at the beginning of 
each ID field on the diskette. 

Data Address Mark 

The Data Address Mark byte is located at the beginning of 
each non-deleted Data Field on the diskette. 
Deleted Data Address Mark 

The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 



ID Field 



MARK 


C 


H 


R 


N 


CRC 


CRC 



C = Cylinder (Track) Address, 00-74 
H = Head Address 
R = Record (Sector) Address, 01-26 
N = Record (Sector) Length, 00-02 
Note: Sector Length = 128 x 2 N bytes 
CRC = 16 Bit CRC Character (See Below) 

Data Field 



MARK 


DATA 


CRC 


CRC 





Clock 


Data 


Address Mark Summary 


Pattern 


Pattern 


Index Address Mark 


D7 


FC 


ID Address Mark 


C7 


FE 


Data Address Mark 


C7 


FB 


Deleted Data Address Mark 


C7 


F8 


Bad Track ID Address Mark 


C7 


FE 



Data is 1 28, 256, or 512 bytes long. 

Note: All marks, data, ID characters and CRC 
characters are recorded and read most 
significant bit first. 

CRC Character 

The 16-bit CRC character is generated using the 
generator polynominal X16 + X12 + X5 + 1, normally 
initialized to (FF)h. It is generated from all characters 
(except the CRC in the ID or data field), including the data 
(not the clocks) in the address mark. It is recorded and 
read most significant bit first. 
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Data Format 

Data is written (general case) in the following manner: 

MISSING 
CLOCK CLOCK CLOCK CLOCK 

DATA"0" DATA"1" DATA"1" DATA "1" 



JT 



j~L_n_rL_rL 

■*j- — th — H 



j~l_ 



T F = FULL BIT TIME= NOMINALLY 4^.8* 
T H = HALF BIT TIME = NOMINALLY 2^8* 



References 



"The IBM Diskette for Standard Data Interchange," IBM 
Document GA21-9182-0. "System 32," Chapter 8, IBM 
Document GA21-9176-0. 

Bad Track Format 

The Bad Track Format is the same as the good track 
format except that the bad track ID field is initialized as 
follows: 

C = H = R = N = (FF)h 

When formatting, bad track registers should be set to 
FF H for the drive during the formatting, thus specifying 
no bad tracks. Thus, all tracks are left available for for- 
matting. 

The track following the bad track(s) should be one 
higher in number than track before the bad track(s). 

Upon completion of the format the bad tracks should be 
set up using the write special register command. The 
8271 will then generate an extra step pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 

Format Track 





Ai 


Ao 


Format Command 

D 7 D 6 D 5 D 4 D 3 D 2 Dt 


Do 


CMD: 








S i L I S o L I 1 I ° I ° I ° I 1 I 1 


PAR: 







TRACK ADDRESS 


PAR: 







GAP 3 SIZE MINUS 6 


PAR: 







RECORD LENGTH NO. OF SECTORS/TRACK 


PAR: 







GAP 5 SIZE MINUS 6 


PAR: 







GAP 1 SIZE MINUS 6 



The format command can be used to initialize a disk track 
compatible with the IBM 3740 format. A Shugart "IBM 
Type" mini-floppy format may also be generated. 

The Format command can be used to initialize a disk- 
ette, one track at a time. When format command is used, 
the program must supply ID fields for each sector on the 
track. During command execution, the supplied ID fields 
(track head sector addresses and the sector length) are 
written sequentially on the diskette. The ID address 
marks originate from the 8271 and are written auto- 
matically as the first byte of each ID field. The CRC char- 
acter is written in the last two bytes of the ID field and is 
derived from the data written in the first five bytes. Dur- 
ing the formatting operation, the data field of each sec- 
tor is filled with data pattern (E5) H . The CRC, derived 
from the data pattern is also appended to the last byte. 



1. The parameter 2 (D 7 - D 5 ) of the Format command specify 
record length, the bits are coded the same way as in the 
Read Data commands. 

2 . The programmable gap sizes (gap 3, gap 5, and gap 1) must 
be programmed such that the 6 bytes of zero (sync) are sub- 
tracted from the intended gap size i.e., if gap 1 is intended 
to be 16 bytes long, programmed length must be 16 - 6 = 10 
bytes (of FF H 's). 

Mini-Floppy Disk Format 

The mini-floppy disk format differs from the standard 
disk format in the following ways: 

1. Gap 5 and the Index Address mark have been elimi- 
nated. 

2. There are fewer sectors/tracks. 

GAPS 

The following is the gap size and description summary: 

Gap 1 Programmable 

Gap 2 17 Bytes 

Gap 3 Programmable 

Gap 4 Variable 

Gap 5 Programmable 

The last six bytes of gaps 1,2,3 and 5 are (00)h, all other 
bytes in the gaps are (FF)h. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FF)h. Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 

Gap 1: This gap separates the index ad- 

N bytes FF's dress mark of the index pulse from 

6 bytes 0's for sync the first ID mark. It is used to pro- 
tect the first ID field from a write on 
the last physical sector of the cur- 
rent track. 

Gap 2: This gap separates the ID field from 

11 bytes FF's the data mark and field such that 

6 bytes O's for sync during a write only the data field 

will be changed even if the write 

gate turns on early, due to drive 

speed changes. 

Gap 3: This gap separates a data area from 

N bytes FF's the next ID field. It is used so that 

6 bytes O's for sync during drive speed changes the 

next ID mark will not be overwritten, 

thus causing loss of data. 

Gap 4: This gap fills out the rest of the disk 

FF's only and is used for slack during format- 

ting. During drive speed variations 
this gap will shrink or grow if the 
disk is re-formatted. 

Gap 5: This gap separates the last sector 

N bytes FF's from the Index Address mark and 

6 bytes O's for sync is used to assure that the index ad- 
dress mark is not destroyed by 
writing on the last physical data 
sector on the track. 

The number of FF bytes is programmable for gaps 1, 3 
and 5. 
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fa*. 



GAP1: POST INDEX GAP 



INDEX ADDRESS MARK 



GAP 2: POST ID FIELD GAP 



GAP 3: POST DATA F I E LD G AP 



WRITE GATE TURN-ON FOR UPDATE OF NEXT 

DATA FIELD. 

NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED 
TO WITHIN ± * 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTIL 1 BYTE BEFORE THE 
TURN-ON. 



WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD. 

NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY "1" BITS AS A DATA FIELD POSTAMBLE. 



GAP 4: FINAL GAP 



GAP 5: INITIAL GAP 



Figure 21. Track Format 
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PHYSICAL 

INDEX 

MARK 



i 



LAST 
SECTOR 
DATA 
FIELD 



FINAL 
GAP 
(GAP 4) 



INDEX 
QAP 
(GAP 5) 



INDEX 

ADDRESS 

MARK 



POST 
INDEX 
GAP 



POSflD 
FIELD 
GAP 

(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



I """ | (H S E Y X N C 0) | [ 



SYNC I 
(HEX 00) | 



POST ID 
FIELD 
GAP 
(GAP 2) 



POST 
DATA 
FIELO 



LAST 
SECTOR 
DATA 
FIELD 



i "■*■* i(HB^n 



11 BYTES 6 BYTES 



DATA 

ADDRESS 

MARK 



128 x2 n USER DTA BYTES 



BYTE 2 BYTE 3 



J"] CRC I CRC I 
\ | BYTE1 J BYTE 2 | 



NUMBER 
OF SECTORS 


NUMBER OF BYTES 


GAP1 


ID FIELD 


GAP 2 


DATA FIELD 


GAP 3 


GAP 4 


GAP 5 


•ONES 


SYNC 


ONES 


SYNC 


*ONES 


SYNC 


*ONES 


SYNC 


26 


26 


6 


7 




6 


131 


27 


6 


275 


40 


6 


15 


26 


6 


7 




6 


259 


48 


6 


129 


40 


6 


8 


26 


6 


7 




6 


515 


90 


6 


146 


40 


6 


4 


26 


6 


7 




6 


1027 


224 


6 


236 


40 


6 


2 


26 


6 


7 




6 


2051 


255 


6 


719 


40 


6 


1 


26 


6 


7 




6 


4099 








1007 


40 


6 



* Program Specified 



5208 Bytes Per Track 



Figure 22. Standard Diskette Track Format 
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PHYSICAL 

INDEX 

MARK 



h 



LAST 
SECTOR 
DATA 
FIELD 



INDEX 
GAP 
(GAP 1) 



FIELD 
GAP 
(GAP 2) 



POST 
DATA 
FIELD 
GAP 
(GAP 3) 



11 BYTES 6 BYTES 



POST ID 
FIELD 
GAP 



POST 

FIELD 
GAP 
(GAP 3) 



LAST 
SECTOR 
DATA 
FIELD 



9 



I sync' I 

| (HEX 00) J 



I TRACK I HEAD I SECTOR I 5 
I ADDRESS | ADDRESS | ADDRESS | L 



128 x2 n USER DATA BYTES 



CRC I CRC I 
BYTE1 | BYTE 2 | 



NUMBER 
OF SECTORS 


NUMBER OF BYTES 


GAP1 


ID FIELD 


GAP 2 


DATA FIELD 


GAP 3 


GAP 4 


•ONES 


SYNC 


ONES 


SYNC 


•ONES 


SYNC 


18 


16 


6 


7 




6 


131 


11 


6 


24 


10 


16 


6 


7 




6 


259 


21 


6 


30 


5 


16 


6 


7 




6 


515 


74 


6 


88 


2 


16 


6 


7 




6 


1027 


255 


6 


740 


1 


16 


6 


7 




6 


2051 








1028 



* Program Specified 



3125 Bytes Per Track 



Figure 23. Mini-Diskette Track Format 
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REGISTER 
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REGISTER 
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END 
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Figure 24. User DMA Channel Initialization Flowchart 



Read ID Command 

P 7 D 6 D 5 



CMD: 








SEL 
1 


SEL 






1 


1 





1 


1 


PAR: 





1 


TRACK ADDRESS 


PAR: 





1 


























PAR: 





1 


NUMBER OF ID FIELDS 



The Read ID command transfers the specified number of 
ID fields into memory (beginning with the first ID field after 
Index). The CRC character is checked but not transferred. 

These fields are entered into memory in the order in 
which they are physically located on the disk, with the 
first field being the one starting at the index pulse. 

Data Processing Commands 

All the routine Read/Write commands examine specific 
drive status lines before beginning execution, perform 
an implicit seek to the track address and load the drive's 
read/write head. Regardless of the type of command 
(i.e., read, write or verify), the 8271 first reads the ID 
field(s) to verify that the correct track has been located 
(see sector not found completion code) and also to 
locate the addressed sector. When a transfer is com- 
plete (or cannot be completed), the 8271 sets the inter- 
rupt request bit in the status register and provides an in- 
dication of the outcome of the operation in the result 
register. 

If a GRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined by 
examining the Scan Sector Number register using the 
Read Special Register command. 



Full power of the multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller, For example, in a 128 byte per sector 
multisector write command, the entire data block 
(containing 128 bytes times the number of sectors) can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired track, verifying the ID field, and locating the 
data field of the first record to be written. The 8271 then 
DMA-accesses the first sector and starts counting and 
writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the 8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 



Note, execution of multi-sector operations are faster if 
the sectors are not interleaved. 



128 Byte Single Record Format 





Ai 


A 


D 7 


D 6 


D 5 D 4 D 3 D 2 D 


1 D 


CMD: 








SEL 
1 


SEL 



COMMAND OPCODE 


PAR: 





1 


TR/VCK ADDR 0-255 


PAR: 





1 


SECTOR 0-255 



Commands Opcode 

READ DATA 12 

READ DATA AND DELETED DATA 16 

WRITE DATA 0A 

WRITE DELETED DATA 0E 

VERIFY DATA AND DELETED DATA 1E 
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Variable Length/Multi-Record Format 

Ai A D 7 D 6 D 5 D 4 D 3 D 2 Di D 



CMD: 








SEL 

1 


SEL 



COMMAND OPCODE 


PAR: 





1 


TRACK ADDR 0-255 


PAR: 





1 


SECTOR 0-255 


PAR: 





1 


LENGTH 


NO. OF SECTORS 



D7-D5 of Parameter 2 determine the length of the disk 
record. 






128 Bytes 




1 


256 Bytes 




1 


512 Bytes 




1 1 


1024 Bytes 




1 


2048 Bytes 




1 1 


4096 Bytes 




1 1 


8192 Bytes 




1 1 1 


16,384 Bytes 




Commands 


Opcode 


READ DATA 


13 


READ DATA AND DELETED DATA 


17 


WRITE DATA 


0B 


WRITE DELETED DATA 


OF 


VERIFY DATA AND DELETED DATA 


1F 


SCAN DATA 


00 


SCAN DATA AND DELETED DATA 


04 



Read Commands 

Read Data, Read Data and Deleted Data. 

Function 

The read command transfers data from a specified disk 
record or group of records to memory. The operation of 
this command is outlined in execution phase table. 

Write Commands 

Write Data, Write Deleted Data. 

Function 

The write command transfers data from memory to a 
specified disk record or group of records. 

Verify Command 

Verify Data and Deleted Data. 

Function 

The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a record or a group of records has been written 
correctly by verifying the CRC character. 









SEL 
1 


SEL 












S.DATA 
S.DELD 













TRACK ADDR 0-255 







SECTOR 255 







LENGTH 


NO. OF SECTORS 







SCAN TYPE 


STEP SIZE 







FIELD LENGTH (KEY) 



Scan Commands 

At a d 7 

CMD 
PAR 
PAR 
PAR 
PAR: 
PAR: 

Command D 2 = Scan Data 

D 2 = 1 Scan Data and Deleted Data 

Scan Commands, Scan Data and Scan Data and Deleted 
Data, are used to search a specific data pattern or "key" 
from memory. The 8271 FDC operation during a scan is 
unique in that data is read from memory and from the 
diskette simultaneously. 

During the scan operation, the key is compared 
repetitively (using the 8257 DMA Controller in auto load 
mode) with the data read from the diskette (e.g., an eight 
byte key would be compared with the first eight bytes (1-8) 
read from the diskette, the second eight bytes (9-16), the 
third eight bytes (17-24), etc.). The scan operation is 
concluded when the key is located or when the specified 
number of sectors have been searched without locating 
the key. When concluded, the 8271 FDC requests an 
interrupt. The program must then read the result register 
to determine if the scan was successful (if the key was 
located). If successful, several of the FDC's special 
registers can be examined (read special registers 
command) to determine more specific information 
relating to the scan (i.e., the sector number in which the 
key was located, and the number of bytes within the sector 
that were not compared when the key was located). 

The 8271 does not do a sliding scan, it does a fixed 
block linear search. This means the key in memory is 
compared to an equal length block in a sector; when 
these blocks meet the scan conditions the scan will 
stop. Otherwise, the scan continues until all the sectors 
specified have been searched. 

The following factors regarding key length must be 
considered when establishing a key in memory. 

1 . When searching multiple sectors, the length of the key 
must be evenly divisible into the sector length to 
prevent the key from being split at subsequent sector 
boundaries. Since the character FFh is not compared, 
the key in memory can be padded to the required length 
using this character. For example, if the actual pattern 
compared on the diskette is twelve characters in length, 
the field length should be sixteen and four bytes of FFh 
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would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sec- 
tor would end at the sector boundary and the first 
byte of the next sector would be compared with the 
first byte of the key. Splitting data over sector bound- 
arys will not work properly since the FDC expects the 
start of key at each sector boundary. 

2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of the sector, the key must be offset using 
the character FF16. For example, if the first byte of a 
nine byte pattern begins on the fifth byte of the sector, 
four bytes of FF16 are prefixed to the key (and three 
bytes of FF16 are appended to the key to meet the 
length requirement) so that the first actual comparison 
begins on the fifth byte. 

The Scan Commands require five parameters: 

Parameter 0, Track Address 

Specifies the track number containing the sectors to be 
scanned. Legal values range from 00 H to 4C H (0 to 76) for 
a standard diskette and from 00 H to 22 H (0 to 34) for a 
mini-sized diskette. 

Parameter 1, Sector Address 

Specifies the first sector to be scanned. The number of 
sectors scanned is specified in parameter 2, and the order 
in which sectors are scanned is specified in parameter 3. 

Parameter 2, Sector Length/Number of Sectors 

The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation). 
The number of sectors field (bits 4-0) specifies the number 
of sectors to be scanned. The number specified ranges 
from one sector to the physical number of sectors on the 
track. 



Parameter 3 



D 7 -D 6 : 
00- EQ 



01-GEQ 



Indicate scan type 

Scan for each character within the field 
length (key) equal to the corresponding char- 
acter within the disk sector. The scan stops 
after the first equal condition is met. 

Scan for each character within the disk sec- 
tor greater than or equal to the correspond- 
ing character within the field length (key). 
The scan stops after the first greater than or 
equal condition is met. 



10-LEQ Scan for each character within the disk sec- 
tor less than or equal to the corresponding 
character within the field length (key). The 
scan stops after the first less than or equal 
condition is met. 

D 5 -D : Step Size: The Step Size field specifies the 
offset to the next sector in a multisector 
scan. In this case, the next sector address is 
generated by adding the Step Size to the 
current sector address. 



Parameter 4, Field Length 

Specifies the number of bytes to be compared (length of 
key). While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisible into the 
sector length to prevent the key from being split at sector 
boundaries, if the multisector scan commands are used. 



Scan Command Results 

More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 



Read Special Register 

Parameter Results 

(Hex) 
06 The sector number of the sector in which the 
specified scan data pattern was located. 

14 MSB Count — The number of 128 byte blocks 
remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128 byte block 
read. 

13 LSB Count — The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 128 and is decremented with each byte 
compared. 



Upon a scan met condition, the equation below can be 
used to determine the last byte in the located pattern. 

Pointer = sector length - ((Register 14H)*128 + (Register 13H)) 
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8271 Scan Command Example 

Assume there are only 2 records on track with the 
following data: 

Record 01: 01 02 03 04 05 06 07 08 000....00 
Record 02: 01 02 AA 55 00 00 00 00 00 





Field t1 i 


Starting 


#of 




Completion 


Special Registers' 41 




Command 


Length 


Sector # 


Sectors 


Key 121 


Code' 3 ' 


R06 


R14 


R13 


Comment 


* SCAN EQ 


2 






01,02 


SME 


01 





127D 


Met in first field 


SCAN EQ 


2 






02,03 


SNM 


X 


X 


X 


Not met 


SCAN EQ 


2 






FFi 5l ,05 


SNM 


X 


X 


X 


Not met with don't care 


* SCAN EQ 


2 






FF (5l ,06 


SME 


01 





123D 


Met with don't care 


* SCAN EQ 


2 






AA,55 


SME 


02 





125D 


Met in Record 02 


* SCAN EQ 


2 






01,02 


SME 


02 





127D 


Starting sector ^ 1 


* SCAN EQ 


4 






05,06,07,08 


SME 


01 





121D 


Field, Key length = 4 


* SCAN GEQ 


4 






05,06,07,08 


SME 


01 





121D 


GEQ-SME 


* SCAN GEQ 


4 






05,04,07,08 


SMNE 


01 





121D 


GEQ-SMNE 


* SCAN GEQ 


4 






00,03,AA,44 l6] 


SNM 


X 


X 


X 


GEQ-SNM 


* SCAN LEQ 


4 






01,03,FF,04 


SMNE 


01 





125D 


LEQ-SMNE 


* SCAN LEQ 


4 






01,02,FF,04 


SME 


01 





125D 


LEQ-SME 



NOTES: 

1 . Field Length — Each record is partitioned into a number of fields equal to the record size divided by the field length. 
Note that the record size should be evenly divisable by the field length to insure proper operation of multi record 
scan. Also, maximum field length = 256 bytes. 

2. Key — The key is a string of bytes located in the user system memory. The key length should equal the field length. 
By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip 
(once per field). 

3. Completion Code — Shows how Scan command was met or not met. 
SNM — SCAN Not Met — (also Good Complete) 

SME - SCAN Met Equal — 1 
SMNE — SCAN Met Not Equal — 1 

4. Special Registers 

R06 — This register contains the record number where the scan was met. 

R14 — This register contains the MSB count and is decremented every 128 characters. 



Length (J?) 
(D7-D5 of PAR 2) 



Record Size 



R14 = 2*- 1 

(Initialize at 

Beginning of Record) 



000 
001 
010 
011 



128 Bytes 
256 Bytes 
512 Bytes 
1024 Bytes 



R13 — This register contains a modulo 128 LSB count which is initialized to 128 at beginning of each record. This 
count is decremented after each character is compared except for the last character in a pattern match 
situation. 

5. The OFFh character in the key is treated as a don't care character position. 

6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key, 
byte 2 of each field is compared to byte 2 of the key, etc. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 1 

Storage Temperature. - 65 °C to + 150 °C 

Voltage on Any Pin with 

Respect to Ground - 0.5V to + 7V 

Power Dissipation 1 Watt 



*NOTI$E: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = + 5.0V ±5% 

8721 and 8271-8: T A = 0°C to 70°C; 8271-6: T A = 0°C to 50°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


(Vcc +0.5) 


V 




VOLD 


Output Low Voltage (Data Bus) 




0.45 


V 


I O l=2.0 mA 


VOLI 


Output Low Voltage (Interface Pins) 




0.5 


V 


l 0L =1.6 mA 


VOH 


Output High Voltage 


2.4 




V 


l OH =~220^A 


IlL 


Input Load Current 




±10 


/*A 


V|N = V CC to0V 


loz 


Off-State Output Current 




±10 


/*A 


V O UT=V CC to0V 


■cc 


V cc Supply Current 




180 


mA 





CAPACITANCE (T A = 25°C; v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


t c =1 MHz 


c i/o 


I/O Capacitance 






20 


PF 


Unmeasured Pins Returned to GND 



NOTE: 1. Ambient temperature under bias for 8271-6 is 0°C to 50°C. 



A.C. CHARACTERISTICS 



READ CYCLE 



(V C c = +5.0V ±5%) 

(8271 and 8271-8: T A = 0°C to 70°C; 8271-6: T A = 0°C to 50°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to RD 







ns 


Note 2 


t C A 


Select Hold from RD 







ns 


Note 2 


*RR 


RD Pulse Width 


250 




ns 




*ad 


Data Delay from Address 




250 


ns 


Note 2 


*RD 


Data Delay from RD 




150 


ns 


C L =150pF, Note 2 


t D F 


Output Float Delay 


20 


100 


ns 


C L = 20 pF for Minimum; 
150 pF for Maximum 


toe 


DACK Setup to RD 


25 




ns 




*CD 


DACK Hold from RD 


25 




ns 




*KD 


Data Delay from DACK 




250 


ns 
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A.C. CHARACTERISTICS (Continued) 



WRITE CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAC 


Select Setup to WR 







ns 




t C A 


Select Hold from WR 







ns 




t ww 


WR Pulse Width 


250 




ns 




tow 


Data Setup to WR 


150 




ns 




twD 


Data Hold from WR 







ns 




*dc 


DACK Setup to "WR 


25 




ns 




*CD 


DACK Hold from WR 


25 




ns 





DMA 












Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCQ 


Request Hold from WR or RD (for Non-Burst Mode) 




150 


ns 





OTHER TIMINGS 



Symbol 


Parameter 


8271/8271-6 


Unit 


Test Conditions 


Min. 


Max. 


Irstw 


Reset Pulse Width 


10 




*CY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




*RSTS 


Reset to First IOWR 


2 




*CY 




*CY 


Clock Period 


250 






Note 3 


t C L 


Clock Low Period 


110 




ns 




tCH 


Clock High Period 


125 




ns 




*ds 


Data Window Setup to Unseparated Clock and Data 


50 




ns 




*DH 


Data Window Hold from Unseparated Clock and Data 







ns 





NOTES: 

1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V, "0" at 0.8V 

Output "1" at 2.0V, "0" at 0.8V 

2- *AD' *RD> l AC' anc ' *CA are no * concurrent specs. 

3. Standard Floppy: tcy = 250 ns ±0.4% Mini-Floppy: tcy = 500 ns ±0.4% 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




~> TEST POINTS <^~ 




A C TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC ' 



DEVICE 
UNDER 
TEST 



t 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



READ 



zx 



Aq, Al CS 



DATA BUS -« 



-tDC ► 



-«AC" 



\ 



-»RR- 



-tRD- 



X 



-t A D- 



-*KD~ 



/ 



»CD- 

K 



-«-t C A-*- 



-tDF- 



j 



WRITE 



ZX 



A , Ai, CS 



U t A C" 



DC 



-tww- 



X 



/ 



-tCD~ 



X 



-tCA^ 



X 



DMA 

DRQ 
















/ 






»► 


r 








-* — t C c 








DACK 




\ 








r 


RDORWR 






N 










CY 










^ 








CHIP CLOCK 




" 1 


4 


) l 




* 


/ 






CH 








«CL " " 







8-142 



iny 



8271/8271-6 



WAVEFORMS (Continued) 



READ DATA 



LT 



Mcy = 250 ns ***CY = 500 ns 



F = 16 tcY ±8 *CY 
H = 8 t C Y ± 4 t C Y 



•STANDARD FLEXIBLE DISK DRIVE TIMING 
"MINI-FLOPPY TIMING 



WRITE DATA 








PW— ^| |*— | | 






_n_ 


M 






-F 






PULSE WIDTH PW = 
H (HALF BIT CELL) = 
F (FULL BIT CELL) = 


tCY ±30 
8t CY 
16t CY 


ns 




Mcy = 250 ns ±0.4% 
250 ns ± 30 ns 
2.0 ms ± 8 ns 
4.0 /us ±16 ns 


**t CY 


= 500 ns 
500 ns 
4.0 ms 
8.0 mS 


±0.4% 
±30 ns 
±16ns 
±32 ns 



SINGLE-SHOT DATA SEPARATOR 



UNSEPAR ATED " 
DATA 



DATA 
WINDOW 



X^ 



qt 



PLO DATA SEPARATOR 



UNSEPARATED " 
DATA 



tQS>50 ns 



tDH> 0n s 



*DATA WINDOW MAY BE 180° OUT OF PHASE 
IN PLO DATA SEPARATION MODE. 
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8272 

SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLER 



IBM Compatible in Both Single and 
Double Density Recording Formats 

Programmable Data Record Lengths: 
128, 256, 512, or 1024 Bytes/Sector 

Multi-Sector and Multi-Track Transfer 
Capability 

Drive Up to 4 Floppy Disks 

Data Scan Capability — Will Scan a 
Single Sector or an Entire Cylinder's 
Worth of Data Fields, Comparing on a 
Byte by Byte Basis, Data in the 
Processor's Memory with Data Read 
from the Diskette 



■ Data Transfers in DMA or Non-DMA 
Mode 

■ Parallel Seek Operations on Up to 
Four Drives 

■ Compatible with Most 
Microprocessors Including 8080A, 
8085A, 8086 and 8088 

■ Single-Phase 8 MHz Clock 

■ Single +5 Volt Power Supply 

■ Available in 40-Pin Plastic DuaMn-Line 
Package 



The 8272 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for interfacing 
a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density format (FM), or IBM 
System 34 Double Density format (MFM) including double sided recording. The 8272 provides control signals which 
simplify the design of an external phase locked loop, and write precompensation circuitry. The FDC simplifies and 
handles most of the burdens associated with implementing a Floppy Disk Drive Interface. 



dbm O 



DATA BUS 
BUFFER 



# 



TERMINAL 
COUNT 



DRQ - 
BS5K - 
INT 
WD ■ 
WR ■ 
A ■ 
RESET ■ 



C§ 



CLK ■ 
V C C ■ 
GND - 





1 






— **o 


READ 




WRITE 


— *~c 


DMA 


—*~C 


CONTROL 


. ^ 


LOGIC 


— ** 






? 



o 



o 



« 



SERIAL 
INTERFACE 
CONTROLLER 



# 



DRIVE 
INTERFACE 
CONTROLLER 







WR CLOCK 
WR DATA 
WR ENABLE 
PRE-SHIFT0 
PRESHIFT 1 


READ DATA 
DATA WINDOW 
V C o SYNC 


INPUT 
PORT 


-* READY 

•* WRITE PROTECT/TWO SIDE 

«*— INDEX 

-* FAULT/TRACK 








► DRIVE SELECT 

► DRIVE SELECT 1 

► MFM MODE 


OUTPUT 
PORT 


► RW/SEEK 

► HEAD LOAD 

— -** HEAD SELECT 

*► LOW CURRENT/DIRECTION 

► FAULT RESET/STEP 



10 



RESET C 1 
RDC 
WRC 
CSC 
AoC 
DBoC 
DB^ 
DB 2 C 
DB 3 E 
DB4C 
DB5C 11 
DB 6 C 12 
DB/C 13 
DRQC 14 
DACKC 15 
TCC 16 
IDXC 17 
INT(I 18 
CLKC 19 
GNDC 20 



40 U 

39 3 

38 ^ 

37 3 

36 3 

35 3 

34 3 

33 D 

32 3 

3'1 3 

30 3 

29 3 

28 3 

27 3 

26 3 

25 3 

24 3 

23 3 

22 3 

21 3 



Vcc 

RW/SEEK 

LCT/DIR 

FR/STP 

HDL 

RDY 

WP/TS 

FLT/TRK0 

PS 

PS, 

WR DATA 

DS 

DS1 

HDSEL 

MFM 

WE 

V co 

RD DATA 

DW 

WR CLK 



Figure 1. 8272 Internal Block Diagram 



Figure 2. Pin Configuration 



8-144 



iny 



8272 



Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Connec- 
tion To 


Name and Function 


RST 


1 


I 


H? 


Reset: Places FDC in 
idle state. Resets output 
lines to FDD to "0" 
(low). 


RD 


2 


,ii] 


AtP 


Read: Control signal 
for transfer of data from 
FDC to Data Bus, when 
"0" (low). 


WR 


3 


,[i] 


fxP 


Write: Control signal 
for transfer of data to 
FDC via Data Bus, when 
"0" (low). 


CS 


4 


I 


HP 


Chip Select: IC selected 
when "0" (low), allow- 
ing RD and WR to be 
enabled. 


A 


5 


,[i] 


fiP 


Data/Status Register 
Select: Selects Data 
Reg (A = 1) or Status 
Reg (A = 0) content be 
sent to Data Bus. 


DB -DB 7 


6-13 


l/0 [1] 


HP 


Data Bus: Bidirectional 
8-Bit Data Bus. 


DRQ 


14 





DMA 


Data DMA Request: 

DMA Request is being 
made by FDC when 
DRQ"1." 


DACK 


15 


I 


DMA 


DMA Acknowledge: 

DMA cycle is active 
when "0" (low) and 
Controller is perform- 
ing DMA transfer. 


TC 


16 


I 


DMA 


Terminal Count: Indi- 
cates the termination of 
a DMA transfer when 
"1" (high) t2] . 


IDX 


17 


I 


FDD 


Index: Indicates the 
beginning of a disk 
track. 


INT 


18 





AtP 


Interrupt: Interrupt Re- 
quest Generated by 
FDC. 


CLK 


19 


I 




Clock: Single Phase 8 
MHz Squarewave Clock. 


GND 


20 






Ground: D.C. Power 
Return. 



Note 1: Disabled when CS=1. 

Note 2: TC must be activated to terminate the Execution Phase of any command. 



Symbol 


Pin 
No. 


Type 


Connec- 
tion To 


Name and Function 


Vcc 


40 






D.C. Power: +5V 


RW/SEEK 


39 


O 


FDD 


Read Write / SEEK: 

When "1" (high) Seek 
mode selected and 
when "0" (low) Read/ 
Write mode selected. 


LCT/DIR 


38 


O 


FDD 


Low Current/Direction: 

Lowers Write current 
on inner tracks in 
Read/Write mode, de- 
termines direction head 
will step in Seek mode. 


FR/STP 


37 





FDD 


Fault Reset/Step: Re- 
sets fault FF in FDD in 
Read/Write mode, pro- 
vides step pulses to 
move head to another 
cylinder in Seek mode. 


HDL 


36 





FDD 


Head Load: Command 
which causes read/write 
head in FDD to contact 
diskette. 


RDY 


35 


I 


FDD 


Ready: Indicates FDD 
is ready to send or re- 
ceive data. 


WP/TS 


34 


I 


FDD 


Write Protect /Two- 
Side: Senses Write Pro- 
tect status in Read/ 
Write mode, and Two 
Side Media in Seek 
mode. 


FLT/TRK0 


33 


I 


FDD 


Fault/Track 0: Senses 
FDD fault condition in 
Read/Write mode and 
Track condition in 
Seek mode. 


PSlPSo 


31,32 





FDD 


Precompensation (pre- 
shift): Write precom- 
pensation status during 
MFM mode. Determines 
early, late, and normal 
times. 


WR DATA 


30 





FDD 


Write Data: Serial clock 
and data bits to FDD. 


DSt ,DS 


28,29 





FDD 


Drive Select: Selects 
FDD unit. 


HDSEL 


27 





FDD 


Head Select: Head 1 
selected when "1" 
(high) Head selected 
when "0" (low). 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Connec- 
tion To 


Name and Function 


MFM 


26 





PLL 


MFM Mode: MFM mode 
when "1," FM mode 
when "0." 


WE 


25 





FDD 


Write Enable: Enables 
write data into FDD. 


VCO 


24 





PLL 


VCO Sync: Inhibits VCO 
in PLL when "0" (low), 
enables VCO when "1 ." 


RD DATA 


23 


I 


FDD 


Read Data: Read data 
from FDD, containing 
clock and data bits. 



Symbol 


Pin 
No. 


Type 


Connec- 
tion To 


Name and Function 


DW 


22 


I 


PLL 


Data Window: Gener- 
ated by PLL, and used 
to sample data from 
FDD. 


WRCLK 


21 


I 




Write Clock: Write data 
rate to FDD FM = 500 
kHz, MFM = 1 MHz, with 
a pulse width of 250 ns 
for both FM and MFM. 

Must be enabled for all 
operations, both Read 
and Write. 



8272 SYSTEM BLOCK DIAGRAM 



n 



<*£. 



8237 

DMA 

CONTROLLER 



TC 

TERMINAL 

COUNT 



8272 
FDC 



DATA 
. WINDOW 



Sj 



INPUT CONTROL 



OUTPUT CONTROL 



> 



DRIVE 
INTERFACE 



bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands 
are available. 



Read Data 

Read ID 

Read Deleted Data 

Read a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Specify 



FEATURES 



Write Data 

Format a Track 

Write Deleted Data 

Seek 

Recalibrate (Restore to 

Track 0) 
Sense Interrupt Status 
Sense Drive Status 



Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time may be programmed by the user. The 
8272 offers many additional features such as multiple 
sector transfers in both read and write modes with a 
single command, and full IBM compatibility in both 
single (FM) and double density (MFM) modes. 



DESCRIPTION 

Hand-shaking signals are provided in the 8272 which 
make DMA operation easy to incorporate with the aid of 
an external DMA Controller chip, such as the 8237. The 
FDC will operate in either DMA or Non-DMA mode. In 
the Non-DMA mode, the FDC generates interrupts to the 
processor for every transfer of a data byte between the 
CPU and the 8272. In the DMA mode, the processor need 
only joad a command into the FDC and all data transfers 
occur under control of the 8272 and DMA controller. 

There are 15 separate commands which the 8272 will 
execute. Each of these commands require multiple 8-bit 



8272 REGISTERS - CPU INTERFACE 

The 8272 contains tvyo registers which may be accessed 
by the main system processor; a Status Register and a 
Data Register. The 8-bit Main Status Register contains 
the status information of the FDC, and may be accessed 
at any time. The 8-bit Data Register (actually consists of 
several registers in a stack with only one register pre- 
sented to the data bus at a time), stores data, com- 
mands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register 
in order to program or obtain the results after execution 
of a command. The Status Register may only be read 
and is used to facilitate the transfer of data between the 
processor and 8272. 
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The relationship between the Status/Data registers and 
the signals RD, WR, and A is shown below. 



A 


RD 


WR 


FUNCTION 








1 


Read Main Status 
Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 



The bits in the Main Status Register are defined as 
follows: 



BIT NUMBER 


NAME 


SYMBOL 


DESCRIPTION 


DB 


FDD Busy 


D B 


FDD number is in the Seek 
mode. 


DB 1 


FDD 1 Busy 


D-,B 


FDD number 1 is in the Seek 
mode. 


DB 2 


FDD 2 Busy 


D 2 B 


FDD number 2 is in the Seek 
mode. 


DB 3 


FDD 3 Busy 


D 3 B 


FDD number 3 is in the Seek 
mode. 


DB 4 


FDC Busy 


CB 


A read or write command is 
in process. 


DB 5 


Non-DMA mode 


NDM 


The FDC is in the non-DMA 
mode. This bit is set only 
during the execution phase 
in non-DMA mode. Tran- 
sition to "0" state indicates 
execution phase has ended. 


DB 6 


Data Input/Output 


DIO 


Indicates direction of data 
transfer between FDC and 
Data Register. If DIO = "1" 
then transfer is from Data 
Register to the Processor. 
If DIO = "0", then transfer 
is from the Processor to 
Data Register. 


DB 7 


Request for 
Master 


RQM 


Indicates Data Register is 
ready to send or receive 
data to or from the Proc- 
essor. Both bits DIO and 
RQM should be used to 
perform the handshaking 
functions of "ready" and 
"direction" to the 
processor. 



The DIO and RQM bits in the Status Register indicate 
when Data is ready and in which direction data will be 
transferred on the Data Bus. 



OUT OF FDC AND INTO PROCESSOR 


DATA IN-OUT 
(DIO) 

OUT OF PROCESSOR AND INTO FDC 






READY 




















REQUEST 

FOR MASTER 

(ROM) 


NOT 
READY 




























WR L 


. 


LI 


















RD 


| 






~HU 




L 


• 






I A 


B | A 


B 


A 


C 


D 


c 


D 


B 


A 



NOTES: S - DATA REGISTER READY TO BE WRITTEN INTO BY PROCESSOR 

E - DATA REGISTER NOT READY TO BE WRITTEN INTO BY PROCESSOR 
[CI - DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ BY THE 

PROCESSOR 
[D] - DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ BY 

PROCESSOR 

STATUS REGISTER TIMING 



The 8272 is capable of executing 15 different com- 
mands. Each command is initiated by a multi-byte 
transfer from the processor, and the result after execu- 
tion of the command may also be a multi-byte transfer 
back to the processor. Because of this multi-byte inter- 
change of information between the 8272 and the proc- 
essor, it is convenient to consider each command as 
consisting of three phases: 

Command Phase: The FDC receives all information 
required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation it 
was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping in- 
formation are made available to 
the processor. 

During Command or Result Phases the Main Status 
Register (described earlier) must be read by the proc- 
essor before each byte of information is written into or 
read from the Data Register. Bits D6 and D7 in the Main 
Status Register must be in a and 1 state, respectively, 
before each byte of the command word may be written 
into the 8272. Many of the commands require multiple 
bytes, and as a result the Main Status Register must be 
read prior to each byte transfer to the 8272. On the other 
hand, during the Result Phase, D6 and D7 in the Main 
Status Register must both be 1's (D6=1 and D7=1) 
before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each 
byte transfer to the 8272 is required in only the Com- 
mand and Result Phases, and NOT during the Execution 
Phase. 

During the Execution Phase, the Main Status Register 
need not be read. If the 8272 is in the Non-DMA Mode, 
then the receipt of each data byte (if 8272 is reading data 
from FDD) is indicated by an Interrupt signa[_on pin 18 
(INT=1). The generation of a Read signal (RD = 0) will 
reset the Interrupt as well as output the Data onto the 
Data Bus. For example, if the processor cannot handle 
Interrupts fast enough (every 13 ^s for MFM mode) then 
it may poll the Main Status Register and then bit D7 
(RQM) functions just like the Interrupt signal. If a Write 

Command is in process then the WR signal performs 
the reset to the Interrupt signal. 

If the 8272 is in the DMA Mode, no Interrupts are gener- 
ated during the Execution Phase. The 8272 generates 
DRQ's (DMA Requests) when each byte of data is 
available. T he DMA Controller responds to this request 
with both a DACK = (DMA Acknowledge) and a RD = 
(Rea d sign al). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (DRQ = 0). 
If a Write Command has been programmed then a WR 
signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has 
occurred) then an Interrupt will occur (INT= 1). This 
signifies the beginning of the Result Phase. When the 
first byte of data is read during the Result Phase, the In- 
terrupt is automatically reset (INT = 0). 

It is important to note that during the Result Phase all 
bytes shown in the Command Table must be read. The 
Read Data Command, for example, has seven bytes of 
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data in the Result Phase. All seven bytes must be read in 
order to successfully complete the Read Data Com- 
mand. The 8272 will not accept a new command until all 
seven bytes have been read. Other commands may re- 
quire fewer bytes to be read during the Result Phase. 

The 8272 contains five Status Registers. The Main 
Status Register mentioned above may be read by the 
processor at any time. The other four Status Registers 
(STO, ST1, ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing a command. The particular command which 
has been executed determines how many of the Status 
Registers will be read. 

The bytes of data which are sent to the 8272 to form the 
Command Phase, and are read out of the 8272 in the 
Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be 
sent first and the other bytes sent in the prescribed se- 
quence. No foreshortening of the Command or Result 
Phases are allowed. After the last byte of data in the 
Command Phase is sent to the 8272 the Execution 
Phase automatically starts. In a similar fashion, when 



the last byte of data is read out in the Result Phase, the 
command is automatically ended and the 8272 is ready 
for a new command. A command may be aborted by 
simply sending a Terminal Count signal to pin 16 
(TC= 1). This is a convenient means of ensuring that the 
processor may always get the 8272's attention even if 
the disk system hangs up in an abnormal manner. 

POLLING FEATURE OF THE 8272 

After the Specify command has been sent to the 8272, 
the Drive Select Lines DSO and DS1 will automatically 
go into a polling mode. In between commands (and be- 
tween step pulses in the SEEK command) the 8272 polls 
all four FDDs looking for a change in the Ready line from 
any of the drives. If the Ready line changes state (usual- 
ly due to a door opening or closing) then the 8272 will 
generate an interrupt. When Status Register (STO) is 
read (after Sense Interrupt Status is issued), Not Ready 
(NR) will be indicated. The polling of the Ready line by 
the 8272 occurs continuously between instructions, 
thus notifying the processor which drives are on or off 
line. 



Table 2. 8272 Command Set 



PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


WW 


DATA BUS 


REMARKS 


D 7 D 6 D 5 


D 4 D 3 D 2 D 1 


D 


°7 D 6 D 5 


D 4 D 3 D 2 Di Do 


READ DATA 


WRITE DATA 


Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MFM SK 



11 
HDS DS1 

c 



DSO 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data transfer 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after command 
execution 


Command 

Execution 
Result 


w 
w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MFM 



10 1 
HDS DS1 i DSO 
n 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data transfer 
between the main- 
system and FDD 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 




H 


H 




R 


R 




N 


N 




EOT 


EOT 




GPL 
DTL 

STO 


GPL 


DTL 
STO 


ST1 


ST1 


ST 2 


ST? 




C 




c 




H 


H 




R 


R 




N 


N 








READ DELETED DATA 


WRITE DELETED DATA 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MFM SK 



110 
HDS DS1 
C 



DSO 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data transfer 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MFM 



1 1 
HDS DS1 DSO 
C 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data transfer 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 




H 


H 




R 


R 




N 


N 




EOT 
GPL 
DTL 

STO 


EOT 


GPL 


DTL 
STO 


ST1 


ST1 


ST 2 


ST 2 




C 




C 




H 


H 




R 


R 




N 


N 









Note: 1. Symbols used in this table are described at the end of this section. 

2. A =i for all operations. 

3. X= Don't care, usually made to equal binary 0: 
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Table 2. 8272 Command Set (Continued) 



PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


R/W 


DATA BUS 


REMARKS 


D 7 D 6 


D 5 D 4 D 3 D 2 D-j D 


D 7 


D 6 D 5 D 4 D 3 D 2 D-, D 


READ A TRACK 


SCAN LOW OR EQUAL 


Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MFM 



SK 1 
HDS DS1 DSO 

C 

H 

R 

N 
EOT 
GPL 
DTL 

STO 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data transfer 
between the FDD 
and main-system. 
FDC reads all of 
cylinders contents 
from index hole to 
EOT 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MFM SK 1 1 1 
HDS DS1 DSO 

c 

H 

R 

N 
EOT 
GPL 
STP 

STO 


Command Codes 

Sector ID information 
prior Command 
execution 

Data compared 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


ST1 


ST 2 


c 

H 
R 
N 


RT1 


ST 2 


c 

H 
R 
N 


SCAN HIGH OR EQUAL 


Command 

Execution 
Result 


W 
W 
W 

. w 

W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MFM SK 1 1 1 1 
HDSDS1 DSO 

c 

H 

R 

N 
FOT 
GPL 
STP 


Command Codes 

Sector ID information 
prior Command 
execution 

Data compared 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


READ ID 


Command 
Execution 

Result 


W 
W 

R 
R 
R 
R 
R 
R 
R 


MFM 



10 10 
HDS DS1 DSO 

STO 


Commands 

The first correct ID 
information on the 
Cylinder is stored in 
Data Register 

Status information 
after Command 
execution 

Sector ID information 
during Execution 
Phase 


STO 


ST1 


ST 2 


C 
H 
R 
N 


RT1 


ST 2 


c 

H 


R 
N 


FORMAT A TRACK 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MFM 



110 1 
HDS DS1 DSO 
N 

SO 
GPL 


Command Codes 

Bytes/Sector 
Sectors/Cylinder 
Gap 3 
Filler Byte 

FDC formats an 
entire cylinder 

Status information 
after Command 
execution 

In this case, the ID 
information has ho 
meaning 


RECALIBRATE 


Command 
Execution 


W 
W 






11,1 
DS1 DSO 


Command Codes 

Head retracted to 
Track 


D 
STO 


SENSE INTERRUPT STATUS 


Command 
Result 


W 
R 
R 





10 
STO 


Command Codes 
Status information at 
the end of each seek 
operation about the 
FDC 


ST1 


PON 


ST 2 


C 
H 
R 
N 


SPECIFY 


Command 


W 
W 
W 





1 1 
SRT >4 HUT 

HLT „ ND 


Command Codes 


SCAN EQUAL 


Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT MFM 



SK 1 1 
HDS DS1 DSO 

c 

H 

R 

N 
EOT 
GPL 
STP 


Command Codes 

Sector ID information 
prior to Command 
execution 

Data compared 
between the FDD 
and main-system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


SENSE DRIVE STATUS 


Command 
Result 


W 
W 
R 






10 
HDS DS1 DSO 
ST 3 


Command Codes 

Status information 
about FDD 




SEEK 


STO 


Command 
Execution 


W 
W 
W 






11 1 1 
HDS DS1 DSO 
NCN 


Command Codes 

Head is positioned 
over proper Cylinder 
on Diskette 


ST1 


ST 2 


c 

H 
R 
N 


INVALID 


Command 
Result 


W 
R 




Invalid Command 
Codes (NoOp— FDC 
goes into Standby 
State) 
ST = 80 

(16) 


STO 
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Table 3. Command Mnemonics 



SYMBOL 


NAME 


DESCRIPTION 


A 


Address Line 


Aq controls selection of Main Status 
Register (A = 0) or Data Register (Aq= 1). 


C 


Cylinder Number 


C stands for the current selected Cylinder 
track number through 76 of the medium. 


D 


Data 


D stands for the data pattern which is 
going to be written into a Sector. 


D 7 -D 


Data Bus 


8-bit Data Bus where D7 is the most 
significant bit, and Dq is the least signifi- 
cant bit. 


DSO, DS1 


Drive Select 


DS stands for a selected drive number 
on. 


DTL 


Data Length 


When N is defined as 00, DTL stands for 
the data length which users are going to 
read out or write into the Sector. 


EOT 


End of Track 


EOT stands for the final Sector number of 
a Cylinder. 


GPL 


Gap Length 


GPL stands for the length of Gap 3 
(spacing between Sectors excluding VCO 
Sync Field). 


H 


Head Address 


H stands for head number or 1, as 
specified in ID field. 


HDS 


Head Select 


HDS stands for a selected head number 
or 1 (H = HDS in all command words). 


HLT 


Head Load Time 


HLT stands for the head load time in the 
FDD (2 to 254 ms in 2 ms increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after 
a read or write operation has occurred (16 
to 240 ms in 16 ms increments). 


MFM 


FM or MFM Mode 


If MF is low, FM mode is selected and if 
it is high, MFM mode is selected. 


MT 


Multi-Track 


if MT is high, a multi-track operation is to 
be performed (a cylinder under both HDO 
and HD1 will be read or written). 


N 


Number 


N stands for the number of data bytes 
written in a Sector. 



SYMBOL 


NAME 


DESCRIPTION 


NCN 


New Cylinder Number 


NCN stands for a new Cylinder number, 
which is going to be reached as a result 
of the Seek operation. Desired position of 
Head. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA 
Mode. 


PCN 


Present Cylinder 
Number 


PCN stands for the Cylinder number at 
the completion of SENSE INTERRUPT 
STATUS Command. Position of Head at 
present time. 


R 


Record 


R stands for the Sector number, which 
will be read or written. 


R/W 


Read/Write 


R/W stands for either Read (R) or Write 
(W) signal. 


SC 


Sector 


SC indicates the number of Sectors per 
Cylinder. 


SK 


Skip 


SK stands for Skip Deleted Data Address 
Mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rate for the 
FDD (1 to 16 ms in 1 ms increments). The 
same Stepping Rate applies to all drives 
(F=1 ms, E=2 ms, etc.). 


STO 
ST1 
ST 2 
ST 3 


Status 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers 
which store the status information after 
a command has been executed. This 
information is available during the result 
phase after command execution. These 
registers should not be confused with the 
main status register (selected by Ag=0). 
ST 0-3 may be read only after a command 
has been executed and contain information 
relevant to that particular command. 


STP 




During a Scan operation, if STP= 1, the 
data in contiguous sectors is compared 
byte by byte with data sent from the 
processor (or DMA), and if STP = 2, then 
alternate sectors are read and compared. 



COMMAND DESCRIPTIONS 

During the Command Phase, the Main Status Register 
must be polled by the CPU before each byte is written 
into the Data Register. The DIO (DB6) and RQM (DB7) 
bits in the Main Status Register must be in the "0" and 
"1" states respectively, before each byte of the com- 
mand may be written intathe 8272. The beginning of the 
execution phase for any of these commands will cause 
DIO and RQM to switch to "1" and "0" states respective- 
ly. 

READ DATA 

A set of nine (9) byte words are required to place the 
FDC into the Read Data Mode. After the Read Data com- 
mand has been issued the FDC loads the head (if it is in 
the unloaded state), waits the specified head settling 
time (defined in the Specify Command), and begins 
reading ID Address Marks and ID fields. When the cur- 
rent sector number ("R") stored in the ID Register (IDR) 



compares with the sector number read off the diskette, 
then the FDC outputs data (from the data field) byte-by- 
byte to the main system via the data bus. 

After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
"Multi-Sector Read Operation." The Read Data Com- 
mand may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the FDC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), 
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 4 
below shows the Transfer Capacity. 



Table 4. Transfer Capacity 



Multi-Track 
MT 


MFM/FM 
MFM 


Bytes/Sector 

N 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of Sectors) 


Final Sector Read 
from Diskette 








00 
01 


(128) (26)= 3,328 
(256) (26)= 6,656 


26 at Side 
or 26 at Side 1 


1 
1 





00 
01 


(128) (52)= 6,656 
(256) (52)= 13,312 


26 at Side 1 



• 





01 
02 


(256) (15)= 3,840 
(512) (15)= 7,680 


15 at Side 
or 15 at Side 1 


1 

1 





01 
02 


(256) (30)= 7,680 
(512) (30)= 15,360 


15 at Side 1 









02 
03 


(512) (8) = 4,096 
(1024) (8) = 8,192 


8 at Side 
or 8 at Side 1 


1 
1 





02 
03 


(512) (16)= 8,192 
(1024) (16)= 16,384 


8 at Side 1 
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The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular 
cylinder, data will be transferred starting at Sector 1, 
Side and completing at Sector L, Side 1 (Sector L= last 
sector on the side). Note, this function pertains to only 
one cylinder (the same track) on each side of the 
diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the ac- 
tual data length in a Sector, the data beyond DTL in the 
Sector, is not sent to the Data Bus. The FDC reads (inter- 
nally) the complete Sector performing the CRC check, 
and depending upon the manner of command termina- 
tion, may perform a Multi-Sector Read Operation. When 
N is non-zero, then DTL has no meaning and should be 
set to OFFH. 

At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. If the 
processor issues another command before the head 
unloads then the head settling time may be saved be- 
tween subsequent reads. This time out is particularly 
valuable when a diskette is copied from one drive to 
another. 

If the FDC detects the Index Hole twice without finding 
the right sector, (indicated in "R"), then the FDC sets 
the ND (No Data) flag in Status Register 1 to a 1 (high), 
and terminates the Read Data Command. (Status 
Register also has bits 7 and 6 set to and 1 respective- 
ly.) 

After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data Er- 
ror) flag in Status Register 1 to a 1 (high), and if a CRC er- 
ror occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high), and terminates the Read Data Command. (Status 
Register also has bits 7 and 6 set to and 1 respec- 
tively.) 

If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the CM (Con- 
trol Mark) flag in Status Register 2 to a 1 (high), and ter- 
minates the Read Data Command, after reading all the 
data in the Sector. If SK= 1, the FDC skips the sector 
with the Deleted Data Address Mark and reads the next 
sector. 

During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 ps in the FM Mode, and every 
13 us in the MFM Mode, or the FDC sets the OR (Over 
Run) flag in Status Register 1 to a 1 (high), and ter- 
minates the Read Data Command. 

If the processor terminates a read (or write) operation in 
the FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 5 shows the values for C, H, R, and N, when the 
processor terminates the Command. 



Table 5. ID Information When Processor 
Terminates Command 



MT 


EOT 


Final Sector Transferred to 
Processor 


ID Information at Result Phase 


C 


H 


R 


N 





1A 
OF 
08 


Sector 1 to 25 at Side 
Sector 1 to 14 at Side 
Sector 1 to 7 at Side 


NC 


NC 


R+1 


NC 


1A 
OF 
08 


Sector 26 at Side 
Sector 15 at Side 
Sector 8 at Side 


C+1 


NC 


R = 01 


NC 


1A 
OF 
08 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


NC 


NC 


R+1 


NC 


1A 
OF 
08 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


C+1 


NC 


R = 01 


NC 


1 


1A 
OF 
08 


Sector 1 to 25 at Side 
Sector 1 to 14 at Side 
Sector 1 to 7 at Side 


NC 


NC 


R+1 


NC 


1A 
OF 
08 


Sector 26 at Side 
Sector 15 at Side 
Sector 8 at Side 


NC 


LSB 


R = 01 


NC 


1A 
OF 
08 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


NC 


NC 


R + 1 


NC 


1A 
OF 
08 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


C+1 


LSB 


R = 01 


NC 



Notes: 1. NC (No Change): The same value as the one at the beginning of command 
execution. 
2. LSB (Least Significant Bit): The least significant bit of H is 
complemented. 

WRITE DATA 

A set of nine (9) bytes are required to set the FDC into 
the Write Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 
ID Fields. When the current sector number ("R"), stored 
in the ID Register (IDR) compares with the sector 
number read off the diskette, then the FDC takes data 
from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 

After writing data into the current sector, the Sector 
Number stored in "R" is incremented by one, and the 
next data field is written into. The FDC continues this 
"Multi-Sector Write Operation" until the issuance of a 
Terminal Count signal. If a Terminal Count signal is sent 
to the FDC it continues writing into the current sector to 
complete the data field. If the Terminal Count signal is 
received while a data field is being written then the re- 
mainder of the data field is filled with 00 (zeros). 
The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (incorrect 
CRC) in one of the ID Fields, it sets the DE (Data Error) 
flag of Status Register 1 to a 1 (high), and terminates the 
Write Data Command. (Status Register also has bits 7 
and 6 set to and 1 respectively.) 

The Write Command operates in much the same manner 
as the Read Command. The following items are the 
same; refer to the Read Data Command for details: 

• Transfer Capacity 

• EN (End of Cylinder) Flag 

• ND (No Data) Flag 
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• Head Unload Time Interval 

• ID Information when the processor terminates com- 
mand (see Table 2) 

• Definition of DTL when N = and when N # 

In the Write Data mode, data transfers between the proc- 
essor and FDC must occur every 31 jus in the FM mode, 
and every 15 jus in the MFM mode. If the time interval 
between data transfers is longer than this then the FDC 
sets the OR (Over Run) flag in Status Register 1 to a 1 
(high), and terminates the Write Data Command. 

WRITE DELETED DATA 

This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field (and SK = (low)), it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terminate the 
command. If SK= 1, then the FDC skips the sector with 
the Data Address Mark and reads the next sector. 

READ A TRACK 

This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE, the FDC starts reading 
all data fields on the track as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector with 
the value stored in the IDR, and sets the ND flag of 
Status Register 1 to a 1 (high) if there is no comparison. 
Multi-track or skip operations are not allowed with this 
command. 

This command terminates when EOT number of sectors 
have been read. If the FDC does not find an ID Address 
Mark on the diskette after it encounters the INDEX 
HOLE for the second time, then it sets the MA (missing 
address mark) flag in Status Register ito a 1 (high), and 
terminates the command. (Status Register has bits 7 
and 6 set to and 1 respectively.) 



READ ID 

The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID Field it is able to read. If no proper ID 
Address Mark is found on the diskette, before the IN- 
DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to a 1 (high), and if no data is found then the ND (No 
Data) flag is also set in Status Register 1 to a 1 (high) 
and the command is terminated. 

FORMAT A TRACK 

The Format Command allows an entire track to be for- 
matted. After the INDEX HOLE is detected, Data is writ- 
ten on the Diskette: Gaps, Address Marks, ID Fields and 
Data Fields, all per the IBM System 34 (Double Density) 
or System 3740 (Single Density) Format are recorded. 
The particular format which will be written is controlled 
by the values programmed into N (number of bytes/sec- 
tor), SC (sectors/cylinder), GPL (Gap Length), and D 
(Data Pattern) which are supplied by the processor dur- 
ing the Command Phase. The Data Field is filled with 
the Byte of data stored in D. The ID Field for each sector 
is supplied by the processor; that is, four data requests 
per sector are made by the FDC for C (Cylinder Number), 
H (Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette to be formatted 
with nonsequential sector numbers, if desired. 

After formatting each sector, the processor must send 
new values for C, H, R, and N to the 8272 for each sector 
on the track. The contents of the R register is in- 
cremented by one after each sector is formatted, thus, 
the R register contains a value of R+ 1 when it is read 
during the Result Phase. This incrementing and format- 
ting continues for the whole track until the FDC en- 
counters the INDEX HOLE for the second time, where- 
upon it terminates the command. 

If a FAULT signal is received from the FDD at the end of 
a write operation, then the FDC sets the EC flag of 
Status Register to a 1 (high), and terminates the com- 
mand after setting bits 7 and 6 of Status Register to 
and 1 respectively. Also the loss of a READY signal at 
the beginning of a command execution phase causes 
command termination. 

Table 6 shows the relationship between N, SC, and GPL 
for various sector sizes: 



Table 6. Sector Size Relationships 



FORMAT 


SECTOR SIZE 


N 


SC 


GPL 1 


GPL 2 


REMARKS 


FM Mode 


128 bytes/Sector 

256 

512 


00 
01 
02 


1A(1 6 ) 

0F (16) 

08 


07 (16) 
0E (16) 
1B (16) 


1B (16) 
2A(16) 
3 A (16) 


IBM Diskette 1 
IBM Diskette 2 


FM Mode 


1024 bytes/Sector 

2048 

4096 


03 
04 
05 


04 
02 
01 


~ 


- 




MFM Mode 


256 
512 
1024 
2048 
4096 
8192 


01 
02 
03 
04 
05 
06 


$16) 
0F (16) 

08 

04 

02 

01 


?B (16) 
1B (16) 

35(-| 6 ) 


36(16) 
54(16) 
74(16) 


IBM Diskette 2D 
IBM Diskette 2D 



Note: 1. Suggested values of GPL in Read or Write Commands to avoid splice point 
between data field and ID field of contiguous sections. 
2. Suggested values of GPL in format command. 
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SCAN COMMANDS 

The SCAN Commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system (Processor in 
NON-DMA mode, and DMA Controller in DMA mode). 
The FDC compares the data on a byte-by-byte basis, and 
looks for a sector of data which meets the conditions of 

D FDD = Dprocessor. D F DD< ^Processor. or D FDD > Dp roC essor- 
Ones complement arithmetic is used for comparison 
(FF= largest number, 00 = smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP -*• 
R), and the scan operation is continued. The scan opera- 
tion continues until one of the following conditions oc- 
cur; the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOT), or the ter- 
minal count signal is received. 

If the conditions for scan are met then the FDC sets the 
SH (Scan Hit) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. If the conditions for 
scan are not met between the starting sector (as 
specified by R) and the last sector on the cylinder (EOT), 
then the FDC sets the SN (Scan Not Satisfied) flag of 
Status Register 2 to a 1 (high), and terminates the Scan 
Command. The receipt of a TERMINAL COUNT signal 
from the Processor or DMA Controller during the scan 
operation will cause the FDC to complete the com- 
parison of the particular byte which is in process, and 
then to terminate the command. Table 7 shows the 
status of bits SH and SN under various conditions of 
SCAN. 

Table 7. Scan Status Codes 



COMMAND 


STATUS REGISTER 2 


COMMENTS 


BIT2 = SN 


BIT3 = SH 


Scan Equal 




1 


1 



DpDD = D Processor 
D FDD* D Processor 


Scan Low or Equal 





1 


1 




D FDD = D Processor 
D FDD < D Processor 
D FDD * D Processor 


Scan High or Equal 





1 


1 





D FDD - D Processor 
D FDD > D Processor 
D FDD £ D Processor 



If the FDC encounters a Deleted Data Address Mark on 
one of the sectors (and SK = 0), then it regards the sec- 
tor as the last sector on the cylinder, cets CM (Control 
Mark) flag of Status Register 2 to a 1 (high) and ter- 
minates the command. If SK= 1, the FDC skips the sec- 
tor with the Deleted Address Mark, and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
(Control Mark) flag of Status Register 2 to a 1 (high) in 
order to show that a Deleted Sector had been en- 
countered. 



When either the STP (contiguous sectors STP = 01, -or 
alternate sectors STP = 02 sectors are read) or the MT 
(Multi-Track) are programmed, it is necessary to 
remember that the last sector on the track must be read. 
For example, if STP = 02, MT=0, the sectors are 
numbered sequentially 1 through 26, and we start the 
Scan Command at sector 21; the following will happen. 
Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the Index Hole will be en- 
countered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. 
If the EOT had been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed 
in a normal manner. 

During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the 
OR (Over Run) flag set in Status Register 1, it is nec- 
essary to have the data available in less than 27 ^s (FM 
Mode) or 13 ^s (MFM Mode). If an Overrun occurs the 
FDC terminates the command. 



SEEK 

The read/write head within the FDD is moved from 
cylinder to cylinder under control of the Seek Command. 
The FDC compares the PCN (Present Cylinder Number) 
which is the current head position with the NCN (New 
Cylinder Number), and performs the following operation 
if there is a difference: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a (low), 
and Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. 
After each Step Pulse is issued NCN is compared 
against PCN, and when NCN = PCN, then the SE (Seek 
End) flag is set in Status Register to a 1 (high), and the 
command is terminated. 

During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and in this manner parallel seek operations may 
be done on up to 4 Drives at once. 

If an FDD is in a NOT READY state at the beginning of 
the command execution phase or during the seek opera- 
tion, then the NR (NOT READY) flag is set in Status 
Register to a 1 (high), and the command is terminated. 
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RECALIBRATE 

This command causes the read/write head within the 
FDD to retract to the Track position. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track signal from the FDD. As long as the Track 
signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track signal goes 
high, the SE (SEEK END) flag in Status Register is set 
to a 1 (high) and the command is terminated. If the Track 
signal is still low after 77 Step Pulses have been 
issued, the FDC sets the SE (SEEK END) and EC (EQUIP- 
MENT CHECK) flags of Status Register to both 1s 
(highs), and terminates the command. 

The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command. 

SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for one of 
the following reasons: 

1. Upon entering the Result Phase of: 

a. Read Data Command 

b. Read a Track Command 

c. Read ID Command 

d. Read Deleted Data Command 

e. Write Data Command 

f. Format a Cylinder Command 

g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. However, interrupts caused by 
reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and 
via bits 5, 6, and 7 of Status Register identifies the 
cause of the interrupt. 

Table 8. Seek, Interrupt Codes 



SEEK END 
BIT 5 


INTERRUPT CODE 


CAUSE 


BITS 


BIT 7 





1 


1 


Ready Line changed 
state, either polarity 


1 








Normal Termination 
of Seek or Recalibrate 
Command 


1 


1 





Abnormal Termination of 
Seek or Recalibrate 
Command 



Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter- 
rupt Status Command after these commands to effec- 
tively terminate them and to provide verification of the 
head position (PCN). 

SPECIFY 

The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 

increments of 16 ms (01 = 16 ms, 02 = 32 ms OF = 

240 ms). The SRT (Step Rate Time) defines the time in- 
terval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F= 1 
ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in in- 
crements of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms 

FE = 254 ms). 

The time intervals mentioned above are a direct function 
of the clock (CLK on pin 19). Times indicated above are 
for an 8 MHz clock, if the clock was reduced to 4 MHz 
(mini-floppy application) then all time intervals are in- 
creased by a factor of 2. 

The choice of DMA or NON-DMA operation is made by 
the ND (NON-DMA) bit. When this bit is high (ND = 1) the 
NON-DMA mode is selected, and when ND = the DMA 
mode is selected. 

SENSE DRIVE STATUS 

This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information. 

INVALID 

If an invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the com- 
mand. No interrupt is generated by the 8272 during this 
condition. Bit 6 and bit 7 (DIO and ROM) in the Main 
Status Register are both high ("1") indicating to the 
processor that the 8272 is in the Result Phase and the 
contents of Status Register (STO) must be read. When 
the processor reads Status Register it will find a 80H 
indicating an invalid command was received. 

A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate interrupt, otherwise the FDC will 
consider the next command to be an Invalid Command. 

In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC in a stand- 
by or no operation state. 
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Table 9. Status Registers 



BIT 


DESCRIPTION 


NO. | NAME | SYMBOL 


STATUS REGISTER 


D 7 
D 6 


Interrupt 
Code 


IC 


D 7 = and D 6 = 

Normal Termination of Command, 
(NT). Command was completed and 
properly executed. 


D 7 = and D 6 = 1 
Abnormal Termination of Com- 
mand, (AT). Execution of Command 
was started, but was not 
successfully completed. 


D 7 = 1 and D 6 = 
Invalid Command issue, (IC). 
Command which was issued was 
never started. 


D 7 =1 and D 6 =1 

Abnormal Termination because 

during command execution the 

ready signal from FDD changed 

state. 


D 5 


Seek End 


SE 


When the FDC completes the 
SEEK Command, this flag is set to 1 
(high). 


D 4 


Equipment 
Check 


EC 


If a fault Signal is received from the 
FDD, or if the Track Signal fails to 
occur after 77 Step Pulses (Recali- 
brate Command) then this flag is set. 


D 3 


Not Ready 


NR 


When the FDD is in the not-ready 
state and a read or write command is 
issued, this flag is set. If a read or 
write command is issued to Side 1 
of a single sided drive, then this flag 
is set. 


D 2 


Head 
Address 


HD 


This flag is used to indicate the 
state of the head at Interrupt. 


Dl 


Unit Select 1 


US1 


These flags are used to indicate a 
Drive Unit Number at Interrupt 


Do 


UnitSelectO 


USO 


STATUS REGISTER 1 


D 7 


End of 
Cylinder 


EN 


When the FDC tries to access a 
Sector beyond the final Sector of a 
Cylinder, this flag is set. 


D 6 






Not used. This bit is always (low). 


D 5 


Data Error 


DE 


When the FDC detects a CRC error 
in either the ID field or the data field, 
this flag is set. 


D 4 


Over Run 


OR 


If the FDC is not serviced by the 
main-systems during data transfers, 
within a certain time interval, this 
flag is set. 


D 3 






Not used. This bit always (low). 


D 2 


No Data 


ND 


During execution of READ DATA, 
WRITE DELETED DATA or SCAN 
Command, if the FDC cannot find 
the Sector specified in the IDR 
Register, this flag is set. 


During executing the READ ID Com- 
mand, if the FDC cannot read the 
ID field without an error, then this 
flag is set. 


During the execution of the READ A 
Cylinder Command, if the starting 
sector cannot be found, then this 
flag is set. 



BIT 


DESCRIPTION 


NO. I NAME I SYMBOL 


STATUS REGISTER 1 (CONT.) 


Dl 


Not 
Writable 


NW 


During execution of WRITE DATA, 
WRITE DELETED DATA or Format A 
Cylinder Command, if the FDC 
detects a write protect signal from 
the FDD, then this flag is set. 


Do 


Missing 
Address 
Mark 


MA 


If the FDC cannot detect the ID 
Address Mark after encountering the 
index hole twice, then this flag is set. 


If the FDC cannot detect the Data 
Address Mark or Deleted Data 
Address Mark, this flag is set. Also 
at the same time, the MD (Missing 
Address Mark in Data Field) of 
Status Register 2 is set. 


STATUS REGISTER 2 


D 7 






Not used. This bit is always (low). 


D 6 


Control 
Mark 


CM 


During executing the READ DATA or 
SCAN Command, if the FDC 
encounters a Sector which contains 
a Deleted Data Address Mark, this 
flag is set. 


D 5 


Data Error in 
Data Field 


DD 


If the FDC detects a CRC error in 
the data field then this flag is set. 


D 4 


Wrong 
Cylinder 


WC 


This bit is related with the ND bit, 
and when the contents of C on the 
medium is different from that stored 
in the IDR, this flag is set. 


D 3 


Scan Equal 
Hit 


SH 


During execution, the SCAN 
Command, if the condition of 
"equal" is satisfied, this flag is set. 


D 2 


Scan Not 
Satisfied 


SN 


During executing the SCAN 
Command, if the FDC cannot find a 
Sector on the cylinder which meets 
the condition, then this flag is set. 


D, 


Bad 
Cylinder 


BC 


This bit is related with the ND bit, 
and when the content of C on the 
medium is different from that stored 
in the IDR and the content of C is 
FF, then this flag is set. 


Do 


Missing 
Address 
Mark in Data 
Field 


MD 


When data is read from the medium, 
if the FDC cannot find a Data 
Address Mark or Deleted Data 
Address Mark, then this flag is set. 


STATUS REGISTER 3 


D 7 


Fault 


FT 


This bit is used to indicate the 
status of the Fault signal from the 
FDD. 


D 6 


Write 
Protected 


WP 


This bit is used to indicate the 
status of the Write Protected signal 
from the FDD. 


D 5 


Ready 


RDY 


This bit is used to indicate the status 
of the Ready signal from the FDD. 


D 4 


Track 


TO 


This bit is used to indicate the status 
of the Track signal from the FDD. 


D 3 


Two Side 


TS 


This bit is used to indicate the status 
of the Two Side signal from the FDD. 


D 2 


Head 
Address 


HD 


This bit is used to indicate the status 
of Side Select signal to the FDD. 


Di 


Unit Select 1 


US1 


This bit is used to indicate the status 
of the Unit Select 1 signal to the FDD. 


Do 


UnitSelectO 


USO 


This bit is used to indicate the status 
of the Unit Select signal to the FDD. 
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ABSOLUTE MAXIMUM RATINGS" 

Operating Temperature -10°C to +70°C 

Storage Temperature -40°C to + 125°C 

All Output Voltages , -0.5 to +7 Volts 

All Input Voltages -0.5 to +7 Volts 

Supply Voltage V cc -0.5 to +7 Volts 

Power Dissipation 1 Watt 

*T A =25'G 
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NOTICE: Stress above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to the de- 
vice. This is a stress rating only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = oc to +70°c, v cc = 


+5V ± 5%) 






Symbol 


Parameter 


Limits 


Unit 


Test 
Conditions 


Min. 


Max. 


Vi Ll 


Input Low Voltage 


-0.5 


0.8 


V 




v, Hl 


Input High Voltage 


2.0 


V CC +0.5 


V 




V,L 2 


(CLK & WR CLK) 


-0.5 


0.65 


V 




V|H 2 


(CLK & WR CLK) 


2.4 


Vcc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l= 2.0 mA 


Voh 


Output High Voltage 


2.4 


Vcc 


V 


I h= -200 mA 


'cc 


V C c Supply Current 




150 


mA 




IlL 


Input Load Current 
(All Input Pins) 




10 
-10 


MA 

ma 


V,n = V C c 
V, N = 0V 


•loh 


High Level Output 
Leakage Current 




10 


ma 


V OUT= V CC 


l|_OL 


Low Level Output 
Leakage Current 




-10 


ma 


V 0U T= + 0.45V 



CAPACITANCE (T A = 25°c s f c = 1 MHz, v cc = ov) 



Symbol 


Parameter 


Limits 


Unit 


Test 
Conditions 


Min. 


Max. 


C|N(<t>) 


Clock Input Capacitance 




20 


PF 


All Pins Except 
Pin Under Test 
Tied to AC 
Ground 


C|N 


Input Capacitance 




10 


PF 


C UT 


Output Capacitance 




20 


PF 
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A.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = +5.0V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t C Y 


Clock Period 


125 




ns 




*CH 


Clock High Period 


40 




ns 


Note 4 


tRST 


Reset Width 


14 




*CY 




Read Cycle 












t A R 


Select Setup to RD~1 







ns 




tRA 


Select Hold from RBt 







ns 




*RR 


RT5 Pulse Width 


250 




ns 




*RD 


Data Delay from RD4 




200 


ns 




*DF 


Output Float Delay 


20 


100 


ns 




Write Cycle 












*AW 


Select Setup to WR"i 







ns 




*WA 


Select Hold from WRt 







ns 




*WW 


WR Pulse Width 


250 




ns 




*DW 


Data Setup to WRt 


150 




ns 




*WD 


Data Hold from WRt 


5 




ns 




Interrupts 












tR| 


INT Delay from E0t 




500 


ns 




*WI 


INT Delay from WRt 




500 


ns 




DMA 












*RQCY 


DRQ Cycle Period 


13 




M S 




*AKRQ 


DATJK* to DRQ* 




200 


ns 




*RQR 


DRQt to RD* 


800 




ns 


8 MHz clock 


*RQW 


DRQt to WR* 


250 




ns 


8 MHz clock 


tRQRW 


DRQt to RDt or WRt 




12 


MS 


8 MHz clock 


FDD Interface 

*WCY 




TYP 1 










WCK Cycle Time 


2or4 






MS 


"MF-M="0" - — — 


*WCH 


WCK High Time 


1or2 






-MfM^J. _ _ 


250 


100 


~350" 


ns 




*CP 


Pre-Shift Delay from WCKt 




20 


100 


ns 




to 


WDA Delay from WCKt 




20 


100 


ns 




*WDD 


Write Data Width 




*WCH ~ 50 




ns 




*WE 
twWCY 


WEt to WCKt or WE* to WCK* Delay 
Window Cycle Time 




-__ ?°— 


IUU 


ns 




2 






MS 


"~MFMro 


*WRD 


Window Setup to RDDt 


1 






MFM = 1 




15 




ns 




*RDW 


Window Hold from RDD* 




15 




ns 




*RDD 


RDD Active Time (HIGH) 




40 




ns 




FDD 














SEEK/ 














DIRECTION/ 














STEP 












-\ 


*us 


US 0>1 Setup to RW/SEEKt 




12 




MS 






*SD 


RW/SEEK Setup to LCT/DIR 




6.8 




MS 






*DS 


RW/SEEK Hold from LCT/DIR 




30 




MS 






*DST 


LCT/DIR Setup to FR/STEPt 




1 




MS 






*STD 


LCT/DIR Hold from FR/STEP* 




24 




MS 




► 8 MHz clock 


*STU 


DS 1 Hold from FR/Step* 




5 




MS 






*STP 


STEP Active Time (High) 


5 






MS 






*SC 


STEP Cycle Time 




33 




MS 


Note 3 




*FR 


FAULT RESET Active Time (High) 




8 


10 


MS 






*IDX 


INDEX Pulse Width 


625 






MS 


J 




tTC 


Terminal Count Width 




1 




tCY 





NOTES: 

1. Typical values for T A = 25 °C and nominal supply voltage. 

2. The former values are used for standard floppy and the latter values are used for mini-floppies. 

3. t sc = 33ms min. is for different drive units. In the case of same unit, t sc can be ranged from 1 ms to 16ms with 8 MHz clock period, and 2 ms to 32ms 
with 4 MHz clock, under software control. 

4. From2.0Vtto +2.0V|. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



"T 
I 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 
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WAVEFORMS (Continued) 



PROCESSOR WRITE OPERATION 









DMA OPERATION 

/ 














K } 


^~ 




^ 


£ 




t 

\ 


AKRO 








Back 






^ 


^~ 






















WRorRD 


^ 


v , 


\f 
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WAVEFORMS (Continued) 




FDD WRITE OPERATION 



WRITE CLOCK 
(WCK) 



WRITE ENABLE 
(WE) 



f 



PRESHIFTO 

(PSc 



)or1 \S 



X 



WRITE DATA 
(WDA) 




X X~~^k 






PRESHIFT 


PRESHIFT 1 


NORMAL 








LATE 





1 


EARLY 


1 





INVALID 


1 


1 






:>czzx 
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WAVEFORMS (Continued) 



SEEK OPERATION 





LCT7 
DIRECTION 








FLT RESET 






FAULT RESET ~7 
FAIL UNSAFE RESET / 


-* t F H ► 


\ 









INDEX 

/ 










£ * 


\ 


K 7 









8-161 



iny 



8272 



WAVEFORMS (Continued) 



FDD READ OPERATION 



READ DATA 




READ DATA 
WINDOW 






TERMINAL COUNT 

- A 




K 


** — t TC — *. 







RESET 

RESET / 




k 


<- * 

■< tRST »► 
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PROGRAMMABLE HDLC/SDLC PROTOCOL 

CONTROLLER 



■ CCITT X.25 Compatible 

■ HDLC/SDLC Compatible 

■ Full Duplex, Half Duplex, or Loop 
SDLC Operation 

■ Up to 64K Baud Synchronous 
Transfers 

■ Automatic FCS (CRC) Generation and 
Checking 

■ Up to 9.6K Baud with On-Board Phase 
Locked Loop 



■ Programmable NRZI Encode/ Decode 

■ Two User Programmable Modem 
Control Ports 

■ Digital Phase Locked Loop Clock 
Recovery 

■ Minimum CPU Overhead 

■ Fully Compatible with 8048/8080/8085/ 
8088/8086 CPUs 

■ Single +5V Supply 



The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/ 
CCITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS-88/86™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 



TxINT RESULT 



RxINT RESULT 



PARAMETER /i— N 
STATUS \r~V 



AA °£? M 

\nS BUFFER \| )/ 



TxDRQ 
TxDACK 

RxDRQ 
RxDACK • 

TxINT 
RxINT 



READ/ 
WRITE 
DMA/ 
CONTROL 
LOGIC. 



17 



W 



INTERNAL DATA BUS - 



CPU INTERFACE 



W 



O 



£ 



AA 
V-i/ 



H 



TxD 
TxC 



DPLL 
32X CLK 



0+ CTS 

>• CD 



RxD 
RxC 



MODEM INTERFACE 



FLAG DET 


c 


1 ^ 


-' 40 


3 v cc 


TxINT 


c 


2 


39 


H PBi 


CLK 


c 


3 


38 


D^ 


RESET 


c 


4 


37 


3 PB7 


TxDACK C 


5 


36 


3 pb; 


TxDRQ 


c 


6 


35 


2 RTS 


RxDACK C 


7 


34 


2 pa; 


RxDRQ C 


8 


33 


3 PA7 


RD 


c 


9 


32 


D pa; 


WR 


c 


10 8273 31 


3 CD 


RxINT 


c 


11 


30 


3 CTS 


DB0 


c 


12 


29 


3 TxD 


DB1 


c 


13 


28 


3 TxC 


DB2 


c 


14 


27 


3 RxC 


DB3 


c 


15 


26 


3 RxD 


DB4 


c 


16 


25 


3 32xCLK 


DBS 


c 


17 


24 


3 cs 


DB6 


c 


18 


23 


3 DPLL 


DB7 


c 


19 


22 


3 A, 


GND 


c 


20 


21 


]Ao 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 

General 

The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 

The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Network Architecture (SNA). Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 

Network 

In both the HDLC and SDLC line protocols, according to a 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 

Frames 

A single communication element is called a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of aframe are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (l), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 



types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 

Frame Characteristics 

An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a "memory dump". The 
frame is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex nature of the HDLC/SDLC protocols. 

In contrast, BISYNC is basically half-duptex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 

It is possible to use HDlC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 

A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 
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System Network Architecture Format and Protocol, IBM GA 27-3112 





OPENING 
FLAG (F) 


ADDRESS 
FIELD (A) 


CONTROL 
FIELD (C) 


INFORMATION 
FIELD (1) 


FRAME CHECK 
SEQUENCE (FCS) 


CLOSING 
FLAG (F) 






01111110 


8 BITS 


8 BITS 


VARIABLE LENGTH 
(ONLY IN 1 FRAMES) 


16 BITS 


01111110 




























Figure 3. Frame Format 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


40 




Power Supply: +5V Supply. 


GND 


20 




Ground: Ground. 


RESET 


4 




Reset: A high signal on this pin will 
force the 8273 to an idle state. The 
8273 will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forced 
high. Reset must be true for a 
minimum of 10 TCY. 


CS 


24 


I 


Chip Select; The RD and WR inputs 
are enabled by the chip select input. 


DB 7 -OB 


19- 
12 


I/O 


Data Bus: The Data Bus lines are bi- 
directional three-state lines which in- 
terface with the system Data Bus. 


WR 


10 


I 


Write Input: The Write signal is used 
to control the transfer of either a 
command or data from CPU to the 
8273. 


RD 


9 


I 


Read Input: The Read signal is used 
to control the transfer of either a data 
byte or a status word from the 8273 
to the CPU. 


TxINT 


2 





Transmitter Interrupt: The Trans- 
mitter interrupt signal indicates that 
the transmitter logic requires service. 


RxINT 


11 





Receiver Interrupt: The Receiver 
interrupt signal indicates that the Re- 
ceiver logic requires service. 


TxDRQ 


6 





Transmitter Data Request: Re- 
quests a transfer of data between 
memory and the 8273 for a transmit 
operation. 


RxRDQ 


8 





Receiver DMA Request: Requests a 
transfer of data between the 8273 and 
memory for a receive operation. 


TxDACK 


5 


I 


Transmitter DMA Acknowledge: 

The Transmitter DMA acknowledge 
signal notifies the 8273 that the 
TxDMA cycle has been granted. 


RxDACK 


7 


I 


Receiver DMA Acknowledge: The 

Receiver DMA acknowledge signal 
notifies the 8273 that the RxDMA 
cycle has been granted. 


Ai-A 


22- 
21 


I 


Address: These two lines are CPU 
Interface Register Select lines. 


TxD 


29 





Transmitter Data: This line trans- 
mits the serial data to the communi- 
cation channel. 


TxC 


28 


I 


Transmitter Clock: The transmitter 
clock is used to synchronize the 
transmit data. 


RxD 


26 


I 


Receiver Data: This line receives 
serial data from the communication 
channel.. 


RxC 


27 


I 


Receiver Clock: The Receiver Clock 
is used to synchronize the receive 
data. 



Symbol 


Pin 
No. 


Type 


Name and Function 




25 


I 


32X Clock: The 32X clock is used to 
provide clock recovery when an 
asynchronous modem is used. In 
loop configuration the loop station 
can run without an accurate 1X clock 
by using the 32X CLK in conjunction 
with the DPLL output. (This pin must 
be grounded when not used.) 


32X CLK 


DPLL 


23 


O 


Digital Phase Locked Loop: Digital 
Phase Locked Loop output can be 
tied to RxC and/or TxC when 1 X clock 
is not available. DPLL is used with 
32XCLK. 


FLAG DET 


1 


O 


Flag Detect: Flag Detect signals that 
a flag (01111110) has been received 
by an active receiver. 


RTS 


35 





Request to Send: Request to Send 
signals that the 8273 is ready to trans- 
mit data. 


CTS 


30 


I 


Clear to Send: Clear to Send signals 
that the modem is ready to accept 
data from the 8273. 


CD 


31 


I 


Carrier Detect: Carrier Detect sig- 
nals that the line transmission has 
started and the 8273 may begin to 
sample data on RxD line. 


PA 2 -4 


32- 
34 


I 


General purpose input ports: The 

logic levels on these lines cart be 
Read by the CPU through the Data 
Bus Buffer. 


PB1-4 


36- 
39 





General purpose output ports: The 

CPU can write these output lines 
through Data Bus Buffer. 


CLK 


3 


I 


Clock: A square wave TTL clock. 



FUNCTIONAL DESCRIPTION 
General 

The Intel® 8273 HDLC/SDLC controller is a microcom- 
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) comrnunications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 

In asynchronous applications the data can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the FCS is automatically 
generated and appended before the final flag in transmit. 
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The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 
The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 

CPU Interface 

The CPU interface is optimized for the MCS-80/85™ bus 
with an 8257 DMA controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the interrupt request active until all the associated 
interrupt results have been read. 

The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via CS, Ai, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. Ai , Ao are 
generally derived from two low order bits of _the address 
bus. If an 8080 based CPU is utili zed, t he R D and WR 
signals may be driven by the 8228 l/OR and l/OW. The 
table shows the seven register select decoding: 



TxINT RESULT 


COMMAND 


RxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESULT 



o 



"-0 



DATA 

BUS 

BUFFER 



o 



TxDRQ 
TxDACK ■ 

RxDRQ 
RxDACK • 

TxINT 
RxINT 



READ/ 
WRITE 

DMA/ K y 

CONTROL \n/ 
LOGIC 



AN 



INTERNAL DATA BUS • 



CPU INTERFACE 



AN 

w 



£ 



bl " s: 



TxD 
. TxC 



DPLL 
32X CLK 
RTS 



AN 



• RxD 
RxC 



'MODEM INTERFACE 



Figure 4. 8273 Block Diagram Showing CPU 
Interface Functions 



Ai 


Ad 


TxDACK 


RxDACK 


cs 


RD 


WR 


Register 








1 


1 





1 





Command 








1 


1 








1 


Status 





1 


1 


1 





1 





Parameter 





1 


1 


1 








1 


Result 


1 





1 


1 





1 





Reset 


1 





1 


1 








1 


TxINT Result 


1 


1 


1 


1 





1 





— 


1 


1 


1 


1 • 








1 


RxINT Result 


X 


X 





1 


1 


1 





Transmit Data 


X 


X 


1 





1 





1 


Receive Data 



Register Description 

Command 

Operations are initiated by writing an appropriate 
command in the Command Register. 

Parameter 

Parameters of commands that require additional informa- 
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 

Transmit Interrupt Result 

Contains the outcome of 8273 transmit operation 
(good/bad completion). 

Receive Interrupt Result 

Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de- 
tail the reason for interrupt. 

Status 

The status register reflects the state of the 8273 CPU 
Interface. 



DMA Data Transfers 

The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
(DMA) for the data transfers. When the 8273 is configured 
in DMA mode, the elements of the DMA interfaces are: 

TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation. 



TxDACK: Transmit DMA Acknowledge 



The TxDACK signal notifies the 8273 that a transmit DMA 
cycle has been granted. It is also used with WR to transfer 
data to the 8273 in non-DMA mode. Note: RD must not be 
asserted while TxDACK is active. 

RxDRQ: Receive DMA Request 

Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 

The RxDACK signal notifies the 8273 that a receive DMA 
cycle has been granted. It is also used with RD to read 
data from the 8273 in non-D MA mode. Note: WR must not 
be asserted while RxDACK is active. 

RD, WR: Read, Write 

The RD and WR signals are used to specify the direction of 
the data transfer. 

DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 

To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 

It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 

Modem Interface 

The 8273 Modem interface provides both dedicated and 
user defined modem control functions. All the control 
signals are active low so that EIA RS-232C inverting 
drivers (MC 1488) and inverting receivers (MC 1489) may 
be used to interface to standard modems. For asynchro- 
nous operation, this interface supports programmable 
NRZI data encode/decode, a digital phase locked loop 
for efficient clock extraction from NR ZI data, and 
modem cont rol ports with automatic CTS, CD monitor- 
ing and RTS generation. This interface also allows the 
8273 to operate in PRE-FRAME SYNC mode in which the 
8273 prefixes 16 transitions to a frame to synchronize 
idle lines before transmission of the first flag. 

It should be noted that all the 8273 port operations deal 
with logica l val ues, for instance, bit DO of Port A will be a 
one when CTS (Pin 30) is a physical zero (logical one). 
Port A — Input Port 

During operation, the 8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
cond ition the start of a transmission. If during transmis- 
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 



TxINT RESULT 


COMMAND 


RxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESULT 



o 



a DATA /LA. 
BUFFER \r-K 



TxDRQ 
TxDACK ■ 

RxDRQ 
RxDACK ■ 

TxINT 
RxINT 



READ/ 
WRITE 
DMA/ 
CONTROL 
LOGIC 



AN 



INTERNAL DATA BUS 



CPU INTERFACE 




MODEM INTERFACE 



Figure 5. 8273 Block Diagram Showing Control 
Logic Functions 



Port B - Output Port 

During normal operation, if the CPU sets RTS activ e, the 
8273 will not change this pin; however, if the CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins of Port B are set to a high, 
inactive level. 
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The user defined input bits correspond to the 8273 PA 4 , 
PA 3 and PA 2 pins. The 8273 does not interrogate or ma- 
nipulate these bits. 



The user defined output bits correspond to the state of 
PB4-PB1 pins. The 8273 does not interrogate or manipu- 
late these bits. 
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Serial Data Logic 

The Serial dat a is s ynchronized by the user transmit ( TxC) 
and receive (RxC) clocks. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 

The diagnostic features included in the Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. In the loop-back mode, the data presented 
to the TxD pin is internally routed to the receive data input 



circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 

In the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the exte rnal circui try. T he user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sam ple it. Since TxD is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge, the 
selected clock allows bit synchronism. 




Figure 6. Transmit/Receive Timing 



Asynchronous Mode Interface 

Although the 8273 is fully compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLL) for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding of data. 
The use of NRZI coding with SDLC transmission 



guarantees that within a frame, data transitions will occur 
at least every five bit times — the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen- 
tation with, or without modems. 
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Digital Phase Locked Loop 

In asynchronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPLL). The DPLL requires a clock input at 32 
times the require d baud ra te. The receive data (RxD) is 
sampled with this 32X CLK and the 8273 DPLL supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPLL has a built-in "stiffness" which reduces sensitivity to 
line noise and bit distortion. This is accomplished by 
making phase error adjustments in discrete increments. 
Sin ce the no minal pulse is made to occur at 32 counts of 
the 32X CLK, these counts are subtracted or added to the 
nominal, depending upon which quadrant of the four error 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A1, it is apparent that the 
DPLL sample "A" was placed too close to the trailing edge 
of the data cell; sample "B" will then be place d at T = 
(Tnominai - 2 counts)) = 30 counts of the 32X CLK to move 
the sample pulse "B" toward the nominal center of the next 
bit cell. A data edge occuring in quadrant B1 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X CLK. Using this technique the DPLL pulse will 
converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 

A method of attaining bit synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 
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Figure 7. DPLL Sample Timing 



8-169 



iny 



8273, 8273-4, 8273-8 



Synchronous Modem — Duplex or Half Duplex Operation 
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Asynchronous Modems — Duplex or Half Duplex Operation 
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SDLC Loop 

The DPLL simplifies the SDLC loop station implementa- 
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 

Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The DPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 
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Figure 8. SDLC Loop Application 
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PRINCIPLES OF OPERATION 

The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-80/85™ system bus. As a peripheral device, 
it accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the Ai, Ao select the appropriate registers on the 
chip as described in the Hardware Description Section. 

The 8273 operation is composed of the following 
sequence of events: 



COMMAND PHASE 



EXECUTION PHASE 



RESULT PHASE 



CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 



THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 

THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 



The Command Phase 

During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 

The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, the command regis- 
ter must be used for one command sequence at a time. 

Status Register 

The status register contains the status of the 8273 activity. 
The description is as follows. 
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| cbsy|cbf|cpbf|crbf|r X int|txint|rxira|txira I 

Bit 7 CBSY (Command Busy) 

Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write a command when CBSY 
is set; it results in incorrect operation. 
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Figure 9. Command Phase Flowchart 



Bit 6 CBF (Command Buffer Full) 

Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 

Bit 5 CPBF (Command Parameter Buffer Full) 

CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 

Bit 4 CRBF (Command Result Buffer Full) 

Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxINT (Receiver Interrupt) 

RxINT indicates that the receiver requires CPU attention. 
It is identical to RxINT (pin 1 1 ) and is set by the 8273 either 
upon good/bad completion of a specified command or by 
Non-DMA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a Non-DMA data transfer. 

Bit 2 TxINT (Transmitter Interrupt) 

The TxINT indicates that the transmitter requires CPU 
attention. It is identical to TxINT (pin 2). It is set by 8273 
either upon good/bad completion of a specified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMA transfer. 

Bit 1 RxIRA (Receiver Interrupt Result Available) 

The RxIRA is set by the 8273 when an interrupt result 
byte is placed in the RxINT register. It is reset after the 
CPU has read the RxINT register. 

Bit TxIRA (Transmitter Interrupt Result Available) 

The TxIRA is set by the 8273 when an interrupt result 
byte is placed in the TxINT register. It is reset when the 
CPU has read the TxINT register. 



The Execution Phase 

Upon accepting the last parameter, the 8273 enters into 
the Execution Phase. The execution phase may consist 
of a DMA or other activity, and may or may not require 
CPU intervention. The CPU intervention is eliminated in 
this phase if the system utilizes DMA for the data trans- 
fers, otherwise, for non-DMA data transfers, the CPU is 
interrupted by the 8273 via TxINT and RxINT pins, for 
each data byte request. 



The Result Phase 

During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase is initiated 
by: 

1. The successful completion of an operation 

2. An error detected during an operation. 

To facilitate quick network software decisions, two types 
of execution results are provided: 

1. An Immediate Result 

2. A Non-Immediate Result 
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D 6 -Dq received 
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Figure 10. Rx Interrupt Result Byte Format 
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Figure 11. Tx Interrupt Result Byte Format 
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Immediate result is provided by the 8273 for commands 
such as Read Port A and Read Port B which have 
information (CTS, CD, RTS, etc.) that the network 
software needs to make quick operational decisions. 



A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning of the Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate results are available upon 
device interrupt, through Tx Interrupt Result Register 
Txl/R or Rx Interrupt Result Register Rxl/R. The result 
may consist of a one-byte interrupt code indicating the 



condition for the interrupt and, if required, one or more 
bytes which detail the condition. 

Tx and Rx Interrupt Result Registers 

The Result Registers have a result code, the three high 
order bits D7-D5 of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 

All results indicated in the command summary must be 
read during the result phase. 
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Figure 12. Result Phase Flowchart— Interrupt Results 
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Figure 13. (Rx Interrupt Service) 
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DETAILED COMMAND DESCRIPTION 

General 

The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SDLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 

In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Check 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 

In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 

HDLC Implementation 

HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 

Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 

However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 

The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SDLC Loop applications, Loop Transmit and Receive 
commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 



Initialization Set/Reset Commands 

These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param- 
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter). The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
perform a logical-AND of the specified register with the 
mask). 

Set One-Bit Delay (CMD Code A4) 
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When one bit delay is set, 8273 retransmits the received 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 

Reset One-Bit Delay (CMD Code 64) 
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The 8273 stops the one bit delayed retransmission mode. 
Set Data Transfer Mode (CMD Code 97) 
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When the data transfer mode is set, the 8273 will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxJRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 

Reset Data Transfer Mode (CMD Code 57) 

A 1 A D 7 D 6 D 5 D 4 D 3 D 2 D, D 
CMD: 
PAR: 

If the Data Transfer Mode is reset, the 8273 data transfers 
are performed through the DMA requests without interrupt- 
ing the CPU. 



10 10 111 
111111110 
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Set Operating Mode (CMD Code 91) 
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I 1 = FLAG STREAM MODE 
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1 = EARLY INTERRUPT MODE 



1 = EOP INTERRUPT MODE 



1 = HDLC MODE 



Reset Operating Mode (CMD Code 51) 



A, A D 7 D 6 D 5 D 4 D 3 D 2 D, D„ 
10 10 1 
111 



CMD: 
PAR: 



Any mode switches set in CMD code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 

(D5) HDLC Mode 

I n HDLC mode, a bit sequence of seven ones (01 1 1 1 1 1 1 ) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 

(D4) EOP Interrupt Mode 

In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01 1 1 1 1 1 1) is detected by an 
active receiver. This mode is useful forthe implementation 
of an SDLC loop controller in detecting the end of a 
message stream after a loop poll. 



(D3) Transmitter Early Interrupt Mode (Tx) 

The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early interrupt is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the final 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 

Note: In buffered mode, if a supervisory frame (no Infor- 
mation) Transmit command is sent in response to an early 
Transmit Interrupt, the 8273 will repeatedly transmit the 
same supervisory frame with one flag in between, until a 
non-supervisory transmit is issued. 



Early transmitter interrupt can be used in buffered mode 
by waiting for a transmit complete interrupt instead of 
early Transmit Interrupt before issuing a transmit frame 
command for a supervisory frame. See Figure 14. 



Tx INTERRUPT PROCEDURE 



(0DH) 




(0CH) EARLY TRANSMIT 
INTERRUPT 




CLEAR FRAME- 
WAITING CONDITION 



OTHER PROCESSING 



Figure 14. 

If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 

(D2) Buffered Mode 

If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (C) fields) of a frame 
are buffered by the 8273. If this bit is a zero the address and 
control fields are passed to and from memory. 

(D1) Preframe Sync Mode 

If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 
To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (00) H if NRZI is set or data (55) H if NRZI is not 
set. 

(DO) Flag Stream Mode 

If this bit is set to a one, the following table outlines the 
operation of the transmitter. 



TRANSMITTER STATE 


ACTION 


Idle 

Transmit or Transmit-"! 
Transparent Active J 
Loop Transmit Active 
1 Bit Delay Active 


Send Flags immediately. 
Send Flags after the 
transmission complete 

Ignore command. 
Ignore command. 
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If this bit is reset to zero the following table outlines the 
operation of the transmitter. 



TRANSMITTER STATE 


ACTION 


IDLE 

Transmit or Transmit- 1 
Transparent Active J 


Send Idles on next character 
boundary. 

Send Idles after the transmission 
is complete. 


Loop Transmit Active 
T Bit Delay Active 


Ignore command. 
Ignore command. 



Set Serial I/O Mode (CMD Code AO) 
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Reset Serial I/O Mode (CMD Code 60) 

This command allows bits set in CMD code AO to be reset 
by placing zeros in the appropriate positions. 

A 1 A, D 7 D 6 D 5 D 4 D 3 D 2 D 1 D 
CMD: 



0001100000 
111111 



(D2) Loop Back 

If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 

(D1)TxC-*-RxC 

If this bit is set to a one, the transmit clock is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (D2). 

(DO) NRZI Mode 

If this bit is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 

NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change. NRZI is used in all asynchronous operations. 
Refer to IBM document GA27-3093 for details. 

Reset Device Command 
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An 8273 reset command is executed by outputing a (01) H 
followed by (00) H to the reset register (TMR). See 8273 
AC timing characteristics for Reset pulse specifica- 
tions. 



The reset command emulates the action of the reset pin. 

1. The modem control signals are forced high (inactive 
level). 

2. The 8273 status register flags are cleared. 

3. Any commands in progress are terminated immedi- 
ately. 

4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial I/O and Operating Mode registers are set 
to zero and DMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SDLC terminal role. 

Receive Commands 

The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive. 

General Receive (CMD Code CO) 

General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 



At A D 7 D 6 D 5 D 4 D 3 D 2 D, D 
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LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (B0) 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 



CMD: 
PAR: 



NOTES: 

1. If buffered mode is specified, the RO* R1 receive frame length 
(result) is the number of data bytes received. 

2. If non-buffered mode is specified, the RO, R1 receive frame 
length (result) is the number of data bytes received plus two 
(the count includes the address and control bytes). 

3. The frame check sequence (FCS) is not transferred to 
memory. 

4. Frames with less than 32 bits between flags are ignored (no 
interrupt generated) if the buffered mode is specified. 

5. In the non-buffered mode an interrupt is generated when a 
less than 32 bit frame is received, since data transfer requests 
have occurred. 

6. The 8273 receiver is always disabled when an Idle is received 
after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver. 

7. The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt. 

8. If an ABORT Character is not preceded by a flag and is fol- 
lowed by an IDLE, an interrupt will be generated for the ABORT 
followed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable the receiver. 



Selective Receive (CMD Code C1) 



At Ao d 7 d 6 d 5 d 4 d 3 d 2 d-, d 



CMD: 
PAR: 
PAR: 

PAR: 
PAR: 









i|i]o|o]o]o]o|i 





1 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 
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Selective receive is a receive mode in which frames are 
ignored unless the address field matches any one of two 
address fields given to the 8273 as parameters. 

When selective receive is used in HDLC the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 

Selective Loop Receive (CMD Code C2) 





Ai 


Ao 


D 7 D 6 D5 D 4 D3 D 2 Di D 


CMD: 








1|1|0|0|0|0|1|0 


PAR: 








LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 


PAR: 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (AT) 


PAR: 





1 


RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 



Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01 1 1 1 1 1 1 ) following 
a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 



Receive Disable (CMD Code C5) 

Terminates an active receive command immediately. 

At a d 7 d 6 d 5 d 4 d 3 d 2 Di d 



PAR: NONE 



Transmit Commands 

The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 



Transmit Frame (CMD Code C8) 





Ai 


Ao 


D 7 D6 D5 D 4 D3 D2 Di D 


CMD: 








i|i|o|o]i|o|o|o 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (L0) 


PAR: 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 


PAR: 





1 


ADDRESS FIELD OF TRANSMIT FRAME (A) 


PAR: 





1 


CONTROL FIELD OF TRANSMIT FRAME (C) 



Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 

If the buffered mode is specified, the L0, L1, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 

In unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 



Loop Transmit (CMD Code CA) 

At Aq D 7 D 6 D5 D4 D 3 D 2 Di D 



CMD: 








1 | 1| | 0| 1| | 1 | 


PAR: 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (L0) 


PAR- 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 


PAR: 





1 


ADDRESS FIELD OF TRANSMIT FRAME (A) 


PAR: 





1 


CONTROL FIELD OF TRANSMIT FRAME (C) 



Transmits one frame in the same manner as the transmit 
frame command except: 

1 . If the flag stream mode is not active transmission will 
begin after a received EOP has been converted to a 
flag. 

2. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

3. At the end of a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 

Transmit Transparent (CMD Coded C9) 

Ai Ao D 7 D 6 D 5 D 4 D 3 D 2 D-t D 
CMD: 

PAR: 









1 I 1 I I I 1 I I I 1 





1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (L0) 





1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 



The 8273 will transmit a block of raw data without 
protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 

Abort Transmit Commands 

An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 

Abort Transmit Frame (CMD Code CC) 

Ai A D 7 D 6 D 5 D4 D 3 D 2 D-{ D 



CMD: | | | 1 | 1 | [ [ 1 | 1 [ ] [ 
PAR: NONE 

After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 

Abort Loop Transmit (CMD Code CE) 

At Aq D 7 D 6 D 5 D 4 D 3 D 2 D, D 



12 



After a flag is transmitted the transmitter reverts to one bit 
delay mode. 

Abort Transmit Transparent (CMD Code CD) 

Ai Ao D 7 D 6 D 5 D 4 D 3 D 2 D-\ D 



The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 
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Modem Control Commands 

The modem control commands are used to manipulate the 
modem control ports. 

When read Port A or Port B commands are executed the 
result of the command is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits. to be set. The Bit Reset 
Port B command requires a mask that has a zero in the bit 
positions that are to be reset. 

Read Port A (CMD Code 22) 

A) Ao D 7 D 6 D5 D 4 D3 D2 D1 D 
CMD: |o|o|o|o|l|o|o|o|l|o] 
PAR: NONE 

Read Port B (CMD Code 23) 

CMD: 

PAR: NONE 

Set Port B Bits (CMD Code A3) 

This command allows user defined Port B pins to be set. 

A, a d 7 d 6 d 5 d 4 d 3 D 2 D, d 



A, 


A 


°7 


D 6 


D 5 


D 4 


D 3 


D 2 


D 1 


D o 














1 











1 


1 



CMD: 








1 





1 











1 


1 






PAR: 





1 
































F 


- 


I 










USER DE 


I RTS- 
FINED 


- REQUEST TO SEND 




LAG 


DETE 


:t 





(Ds) Flag Detect 

This bit can be used to set the flag detect pin. However, it 
will be reset when the next flag is detected. 

(D4-D1) User Defined Outputs 

These bits correspond to the state of the PB4-PB1 output 
pins. 

(Do) Request to Send 

This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 

Reset Port B Bits (CMD Code 63) 

This command allows Port B user defined bits to be reset. 





At 


A 


D 7 


D 6 


D 5 


D4 


D 3 


D 2 


Di 


Do 






CMD: 











1 


1 











1 


1 






PAR: 





1 


1 


1 




























F 




I 










| MIS- 
USER DEFINED 


- REQUEST TO SEND 




LAG DETECT 





This command aiiows Port B (D4-D1) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4- 
PB1). 



8273 Command Summary 



Command Description 


Command 
(HEX) 


Parameter 


Results 


Result 
Port 


Completion 
Interrupt 


Set One Bit Delay 


A4 


Set Mask 


None 


— 


No 


Reset One Bit Delay 


64 


Reset Mask 


None 


- 


No 


Set Data Transfer Mode 


97 


Set Mask 


None 


- 


No 


Reset Data Transfer Mode 


57 


Reset Mask 


None 


- 


No 


Set Operating Mode 


91 


Set Mask 


None 


- 


No 


Reset Operating Mode 


51 


Reset Mask 


None 


- 


No 


Set Serial I/O Mode 


AO 


Set Mask 


None 


- 


No 


Reset Serial I/O Mode 


60 


Reset Mask 


None 


- 


No 


General Receive 


CO 


B0.B1 


RIC,R0,R1,(A f C)< 2 > 


RXI/R 


Yes 


Selective Receive 


C1 


B0,B1,A1,A2 


RIC,R0,R1,(A,C)< 2 > 


RXI/R 


Yes 


Selective Loop Receive 


C2 


B0.B1.A1.A2 


RIC,R0,R1,(A,C)< 2 > 


RXI/R 


Yes 


Receive Disable 


C5 


None 


None 


- 


No 


Transmit Frame 


C8 


L0,L1,(A,C)< 1 > 


TIC 


TXI/R 


Yes 


Loop Transmit 


CA 


L0,L1,(A,C)< 1 > 


TIC 


TXI/R 


Yes 


Transmit Transparent 


C9 


L0.L1 


TIC 


TXI/R 


Yes 


Abort Transmit Frame 


CC 


None 


TIC 


TXI/R 


Yes 


Abort Loop Transmit 


CE 


None 


TIC 


TXI/R 


Yes 


Abort Transmit Transparent 


CD 


None 


TIC 


TXI/R 


Yes 


Read Port A 


22 


None 


Port Value 


Result 


No 


Read Port B 


23 


None 


Port Value 


Result 


No 


Set Port B Bit 


A3 


Set Mask 


None 


- 


No 


Reset Port B Bit 


63 


Reset Mask 


None 


- 


No 



NOTES: 

1. Issued only when in buffered mode. 

O Roarl ac roeiil+o nnlw \r\ Ki iffaro/J m«A 
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8273 Command Summary Key 

BO — Least significant byte of the receive buffer 

length. 
B1 — Most significant byte of the receive buffer 

length. 
LO — Least significant byte of the Tx frame length. 
L1 — Most significant byte of the Tx frame length. 
A1 — Receive frame address match field one. 
A2 — Receive frame address match field two. 
A — Address field of received frame. If non-buffered 

mode is specified, this result is not provided. 
C — Control field of received frame. If non-buffered 

mode is specified this result is not provided. 
RXI/R — Receive interrupt result register. 
TXI/R — Transmit interrupt result register. 
RO — Least significant byte of the length of the frame 

received. 
R1 — Most significant byte of the length of the frame 

received. 
RIC — Receiver interrupt result code. 
TIC — Transmitter interrupt result code. 



I Gl 



ENERAL 
ECEIVE 

(Ro, Rl) 



DATA IN 


IDLE. 

OR 

FLAG 


IDLE 

OR 

FLAG 


FLAG 


A 


C 


■l 


FCS, 


FCS 2 


FLAG 


FLAG 

OR 

ABORT 


FLAG 
OR 
IDLE 


FLAG 
OR 
IDLE 


DMA REQUESTS 

OR 
DATA INTERRUPTS 






t* fc < 


h 








1 




CPU INTERRUPTS 








NONE 


SUFFERED MODE 


FRAME 
COMPLET 


A POSSIBLE A 
E | IDLE INTERRUPT 1 



Figure 15. Typical Frame Reception 
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RTS 
CTS 
ORQ 
INT 


LAST PARAMETER 
OF Tx COMMAND 

1 




— 2 BYTES-*- 
































FLAG 


A 


C 


h 


12 


l 3 


FCSi 


FCS 2 


FLAG 


FLAG 
OR 
IDLE 


FLAG 
OR 
IDLE 


























/ / 
















I 












|ll |l2 |l 3 






















BUFFER MODE 


t 












t 






EARLY 
TxINT 












FINAL 
TxINT 











Figure 16a. Typical Frame Transmission, 


Buffered Mode 








RTS 
CTS 
DRQ 
INT 


LAST PARAMETER 

I 


3 BYTES •- 






























FLAG 


A 


C 


H 


l 2 


■3 


FCS1 


FCS 2 


FLAG 


.-LAG 
OR 
IDLE 


FLAG 
OR 
IDLE 




















/ / 










I 










|A Jc fh J i a |l 3 














NON-BUFFER MODE 

I 










t 


EARLY 
TxINT 










FINAL 
TxINT 



Figure 16b. Typical Frame Transmission, Non-Buffered Mode 
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Figure 17. 8273 System Diagram 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 

Ambient Temperature Under Bias 0° C to 70° C dew'ce. This is a stress rating only and functional opera- 

Storage Temperature -65° C to +1 50° C tion of the device at these or an V otner conditions above 

Voltaqe on Any Pin With those indicated ln the operational sections of this specif h 

Respect to Ground -0.5Vto+7V cation is " ot . lm P' led ' ^ xp ^ re to absolute maximum 

rating conditions for extended periods may affect device 
Power Dissipation 1 Watt reliability. 



D.C. CHARACTERISTICS (8273, 82734, 82738) (T A = 0°C to 70°C, V cc = +5.0V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I l= 2.0mA for Data Bus Pins 
| 0L = 1.0 mA for Output Port Pins 
| 0L = 1.6mA for All Other Pins 


Vqh 


Output High Voltage 


2.4 




V 


I h= -200j*A for Data Bus Pins 
I h= -100ptA for All Other Pins 


Iil 


Input Load Current 




±10 


ha 


V| N = V C cto0V 


loz 


Off-State Output Current 




±10 


ma 


VouT=V CC to0V 


•cc 


V C c Supply Current 




180 


mA 





CAPACITANCE (8273, 8273-4, 8273-8) (T A =25°C, V CC =GND = 



0V) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


t c =1MHz 


C|/0 


I/O Capacitance 






20 


PF 


Unmeasured Pins 
Returned to GND 



A.C. CHARACTERISTICS (T A =o°cto70°c, v cc =+5.ov±5%) 

CLOCK TIMING (8273) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock 


250 




2000 


ns 


64K Baud Max 
Operating Rate 


tCL 


Clock Low 


120 






ns 


tCH 


Clock High 


120 






ns 


CLOCK TIMING (8273-4) 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock 


286 




2000 


ns 


56K Baud Max 
Operating Rate 


tCL 


Clock Low 


135 






ns 


tCH 


Clock High 


135 






ns 


CLOCK TIMING (8273-8) 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


tCY 


Clock 


330 




2000 


ns 


48K Baud Max 
Operating Rate 


tCL 


Clock Low 


150 






ns 


tCH 


Clock High 


150 






ns 
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A.C CHARACTERISTICS (8273, 8273-4, 8273-8) (T A = 0°C to 70°C, V cc == +5.0V ±5%) 
READ CYCLE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t AC 


Select Setup to RD 







ns 


Note 2 


tCA 


Select Hold from RD 







ns 


Note 2 


tRR 


RD Pulse Width 


250 




ns 




tAD 


Data Delay from Address 




300 


ns 


Note 2 


*RD 


Data Delay from RD 




200 


ns 


C L =150pF, Note 2 


tDF 


Output Float Delay 


20 


100 


ns 


C|_=20pF for Minimum; 
150pF for Maximum 


*DC 


DACK Setup to RD 


25 




ns 




*CD 


DACK Hold from RD 


25 




ns 




*KD 


Data Delay from DACK 




300 


ns 




WRITE CYCLE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t AC 


Select Setup to WR 







ns 




t CA 


Select Hold from WR 







ns 




tww 


WR Pulse Width 


250 




ns 




tow 


Data Setup to WR 


150 




ns 




t\A/D 


Data Hold from WR 







ns 




toe 


DACK Setup to WR 


25 




ns 




tcD 


DACK Hold from WR 


25 




ns 




DMA 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcQ 


Request Hold from WR or RD 
(for Non-Burst Mode) 




200 


ns 




OTHERTIMING 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*RSTW 


Reset Pulse Width 


10 




*CY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tRSTS 


Reset to First IOWR 


2 




tcY 




*CY32 


32X Clock Cycle Time 


9.7 ■ t CY 




ns 




td.32 


32X Clock Low Time 


4- tcY 




ns 




t CH32 


32X Clock High Time 


4-tcY 




ns 




tDPLL 


DPLL Output Low 


1 -tcv-50 




ns 




*DCL 


Data Clock Low 


1 -tcY-50 




ns 




tDCH 


Data Clock High 


2'tcY 




ns 




tpCY 


Data Clock 


62.5 • t CY 




ns 




tTD 


Transmit Data Delay 




200 


ns 




t DS 


Data Setup Time 


200 




ns 




*DH 


Data Hold Time 


100 




ns 




tFLD 


FLAG DET Output Low 


8-t C Y±50 




ns 





NOTES: 

1. All timing measurements are made at the reference voltages unless otherwise specified: Input 
Output "1" at 2.0V, "0" at 0.8 V. 

2- t^o, tRD» tAC> and *CA are not concurrent specs. 



•1" at 2.0V, "0" at 0.8 V; 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



2.0 2.0 J 

^> TEST POINTS <~ 
0.8 0.8 -; 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC T' 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



jREAD 



DACK 
A , A v CS 

RD 

DATA BUS 4- 



X 



X 



^c^ft 



y 



:c 



S- 



WRITE 



=x 



X 



X 



X 



X 



? 
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WAVEFORMS (Continued) 



TRANSMIT 



DMA 

DRQ 












/ 




s 

Q »> 


r 






t c 






DACK 




\ 








RDORWR 




\ 


















CHIP CLOCK 




- 


r 


V / 


1 






"* *CL * 


"* tCH * 




V J 




32X CLOCK 




"\ 


■ 


V / 


m tCL32" 






CH32 +■ 











Y 



1 



Y 



X 



X 



RECEIVE 



Y 



1 



-* *DCL - 



X 



X 



- tDH- 



Y 
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WAVEFORMS (Continued) 



DPLL OUTPUT 



w 



FLAG DETECT OUTPUT 














\ 


/ 


FLAG DET 


Ik- 


~ 
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8274 

MULTI-PROTOCOL SERIAL 

CONTROLLER (MPSC) 



Asynchronous, Byte Synchronous and 
Bit Synchronous Operation 

Two Independent Full Duplex 
Transmitters and Receivers 

Fully Compatible with 8048, 8051, 8085, 
8088, and 8086 CPU's; 8257 and 8237 
DMA Controllers; and 8089 I/O Proc. 

4 Independent DMA Channels 

Baud Rate: DC to 880K Baud 
— Future Selections to 1 M Baud 

Asynchronous: 

—5-8 Bit Character; Odd, Even, or No 

Parity; 1, 1.5 or 2 Stop Bits 
—Error Detection: Framing, Overrun, 

and Parity 



Byte Synchronous: 

- Character Synchronization, Int. or Ext. 

- One or Two Sync Characters 
-Automatic CRC Generation and 

Checking (CRC-16) 

- IBM Bisync Compatible 

■ Bit Synchronous: 
-SDLC/HDLC Flag Generation and 
Recognition 

- 8 Bit Address Recognition 
-Automatic Zero Bit Insertion and 

Deletion 
-Automatic CRC Generation and 
Checking (CCITT-1 6) 

- CCITT X.25 Compatible 



The Intel® 8274 Multi-Protocol Series Controller (MPSC) is designed to interface High Speed Communications 
Lines using Asynchronous, IBM Bisync, and SDLC/HDLC protocol to Intel microcomputer systems. It can be 
interfaced with Intel's MCS-48, -85, -51; iAPX-86, and -88 families, the 8237 DMA Controller, or the 8089 I/O 
Processor in polled, interrupt driven, or DMA driven modes of operation. 

The MPSC is a 40 pin device fabricated using Intel's High Performance HMOS Technology. 



^j. DATA -. 

7<**> BUS <^> 

^n^ BUFFERS ^n-^ 
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iNT^ 
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SYSTEM INTERFACE 




CLK 

RESET 

CD A 
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CD B 
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TxC E 
TxD E 
RxD E 
RTS B /SYNDET B 
RDY B /TxDRQ A 
DB7 
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DB1 
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C" 
C18 
E" 
C 20 



DV CC 
I]CTS A 

3rts a 

]TxD a 

3 TxC A 

]RxC A 

3RxD a 

3 SYNDET A 

3 RDY A /RxDRQ A 

I]dtr a 

3 lPO/TxDRQ B 
3 IPI/RxDRQ B 
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3lNTA 
DDTR B 

3a 
IK 
les 

3rd 
3wr 



NETWORK INTERFACE 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


CLK 


1 


I 


Clock: System clock, TTL compat- 
ible. 




2 




Reset: A low signal on this pin will 
force the MPSC to an idle state. 
TxD A and TxD B are forced high. The 
modem interface output signals are 
forced high. The MPSC will remain 
idle until the control registers are 
initialized. Reset must be true for 
one complete CLK cycle. 


RESET 


CD A 


3 


I 


Carrier Detect (Channel A): Car- 
rier Detect (Channel A) signals that 
the line transmission has started. 
The MPSC will begin to sample data 
on the RxD A line if modem enables 
are selected. 


RxCb" 


4 


I 


Receiver Clock: The Receiver 
Clock (Channel B) clocks in data on 
the RxD B pin. 


CDs' 


5 


I 


Carrier Detect (Channel B).: Car- 
rier Detect (Channel B) signals that 
the line transmission has started. 
The MPSC will begin to sample data 
on the RxD B line if modem enables 
are selected. 


cfs; 


6 




Clear To Send (Channel B): Clear 
To Send (Channel B) signals that 
the modem is ready to accept data 
from the MPSC. Clear To Send will 
enable Channel B transmitter if 
modem enables are selected, 
otherwise this pin may be used as a 
general purpose input. 


fxc; 


7 


1 


Transmit Clock (Channel B): 

Transmit Clock (Channel B) for 
TxD B pin. 


TxD B 


8 





Transmit Data (Channel B): This 
line transmits the serial data to the 
communications channel (Channel 
B). 


RxD b 


9 


1 


Receive Data (Channel B): This line 
receives serial data from the com- 
munications channel (Channel B). 




10 


I/O 


Synchronous Detection (Channel 

B): This pin is used in byte syn^ 
chronous mode as either an internal 
sync detect (output) or as a means 
to force external synchronization 
(input). In SDLC mode, this pin is an 
output indicating Flag detection. In 
asynchronous mode it is a general 
purpose input (Channel B). Request 
To Send (Channel B) is a general 
purpose output, generally used to 
signal that Channel B is ready to 
send data. 


SYNDETb/ 
RTS b 



Symbol 


Pin 
No. 


Type 


Name and Function 


RDYb/' 
TxDRQ a 


11 





Ready Transmit Data: In mode 
this pin is used to synchronize data 
transfers for both Receive and 
Transmit of Channel B to the con- 
trolling processor's READY line 
(open collector). In modes 1 and 2 
this pin requests a DMA transfer of 
data for a transmit operation 
(Channel A). 


DB7 


12 


I/O 


Data Bus: The Data Bus lines are 
bi-directional three state lines 
which interface with the system's 
Data Bus. 


DB6 


13 






DB5 


14 






DB4 


15 






DB3 


16 






DB2 


17 






DB1 


18 






DBO 


19 






GND 


20 




Ground. 


V C c 


40 




Power: +5V Supply. 


CTS A 


39 




Clear To Send (Channel A): This 
signals that the modem js ready to 
accept data from the MPSC. Clear 
To Send will enable Channel B 
transmitter if modem enables are 
selected, otherwise this pin may be 
used as a general purpose input. 


RTSa" 


38 





Request To Send (Channel A): Re- 
quest To Send (Channel A) is a gen- 
eral purpose output generally used 
to signal that Channel A is ready to 
send data. 


TxD a 


37 





Transmit Data (Channel A): This 
line transmits the serial data to the 
communications channel (Channel 
A). 


txc; 


36 


1 


Transmitter Clock (Channel A): 

The transmitter clock (Channel A) 
clocks out data on the TxD A pin. 


RxC A 


35 


1 


Receiver Clock (Channel A): The 

receiver clock (Channel A) clocks in 
data on the RxD A pin. 


RxD A 


34 


1 


Receive Data (Channel A): This 
line receives serial data from the 
communications channel (Channel 
A)- 


SYNDET A 


33 


I/O 


Synchronous Detection (Channel 

A): This pin is used in byte syn- 
chronous mode as either an internal 
sync detect (output) or as a means 
to force external synchronization 
(input). In SDLC mode, this pin is an 
output indicating flag detection. In 
asynchronous mode it is a general 
purpose input (Channel A). 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


RDX7 
RxDRQ A 


32 





Ready: In mode this pin is used 
to synchronize data transfers for 
both receive and transmit of Chan- 
nel A to the controlling processor's 
READY line (open collector). In 
modes 1 and 2 RxDRQ A requests a 
DMA transfer of data for a receive 
operation for Channel A. 


DTR A 


31 





Data Terminal Ready: This pin is 
Data Terminal Ready (Channel A) 
which is a general purpose output. 


IPO/ 
TxDRQ B 


30 





Interrupt Priority Out: In modes 
and 1 , IPO is Interrupt Priority Out. It 
is used to establish a hardware 
interrupt priority scheme with IPI. It 
is low only if IPI is low and the con- 
trolling processor is not servicing 
an interrupt from this MPSC. In 
mode 2, TxDRQ B requests a DMA 
transfer of data for a transmit opera- 
tion for Channel B. 


I PI/ 
RxDRQ B 


29 


I/O 


Interrupt Priority In: In modes 
and 1, IPI is Interrupt Priority In. A 
low on IPI means that no higher 
priority device is being serviced by 
the controlling processor's inter- 
rupt service routine. In mode 2, 
RxDRG B requests a DMA transfer of 
data for a receive operation for 
Channel B. 



Symbol 


Pin 
No. 


Type 


Name and Function 


INT 


28 





Interrupt: The interrupt signal in- 
dicates that the highest priority 
internal interrupt requires service 
(open collector). Priority can be re- 
solved via an external interrupt con- 
troller or a daisy-chain scheme. 


INTA 


27 


' 


Interrupt Acknowledge: This In- 
terrupt Acknowledge allows the 
highest priority interrupting device 
to generate an interrupt vector. 


DTRb" 


26 





Data Terminal Ready (Channel B): 

This is a general purpose output. 


A 


25 


1 


Address: This line selects Chan- 
nel A or B during data or command 
transfers. A low selects Channel A. 


A 1 


24 


1 


Address: This line selects between 
data or command information 
transfer. A low means data. 


CS 


23 


1 


Chip Select: Chip Select enables 
RD or WR. 


RD 


22 


1 


Read: Read controls a data byte or 
status byte transfer from the MPSC 
to CPU. 


WR 


21 


1 


Write: Write controls transfer of 
data or commands to the MPSC. 



GENERAL DESCRIPTION 



FUNCTIONAL DESCRIPTION 



The Intel® 8274 Multi-Protocol Serial Controller is a 
microcomputer peripheral device which supports 
Asynchronous (Start/Stop), Byte Synchronous 
(Monosync, IBM Bisync), and Bit Synchronous 
(ISO's HDLC, IBM's SDLC) protocols. This con- 
troller's flexible architecture allows easy implemen- 
tation of many variations of these three protocols 
with low software and hardware overhead. 

The Multi-Protocol Serial Controller (MPSC) imple- 
ments two independent serial receiver/transmitter 
channels. 

The MPSC supports several microprocessor inter- 
face options; Polled, Wait, Interrupt driven and DMA 
driven. The MPSC is designed to support Intel's® 
MCS-85 and iAPX 86, 88 families. 

This data sheet will describe the serial protocol 
functions, the microprocessor interface, a detailed 
register and command description, general system 
operations, specifications, and waveforms. 



This section of the data sheet describes how the 
Asynchronous and Synchronous protocols are im- 
plemented in the MPSC. It describes general con- 
siderations, transmit operation, and receive opera- 
tion for Asynchronous, Byte Synchronous, and Bit 
Synchronous protocols. 



ASYNCHRONOUS OPERATIONS 

General 

For operation in the asynchronous mode, the MPSC 
must be initialized with the following information: 
character length (WR3; D7, D6 and WR5; D6, D5), 
clock rate (WR4; D7, D6), number of stop bits (WR4; 
D3, D2j, odd, even or no parity (WR4; D1, DO), inter- 
rupt mode (WR1, WR2), and receiver (WR3; DO) or 
transmitter (WR5; D3) enable. When loading these 
parameters into the MPSC, WR4 information must 
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be written before the WR1, WR3, WR5 parameters/ 
commands. (See Detailed Command Description 
Section). 

For transmission via a modem or RS232C interface, 
the Request To Send (RTS) (WR5; D1) and Data Ter- 
minal Ready (DTR) (WR5; D7) bits must be set along 
with the Transmit Enable bit (WR5; D3). Setting the 
Auto Enables (WR3; D5) bit allows the programmer 
to send the first character of the message without 
waiting for a clear to send (CTS). 

Both the Framing Error and Receive Overrun Error 
flags are latched and cause an interrupt, i.e., if status 
affects vector (WR1B; D2) is selected, the interrupt 
vector indicates a special Receive condition. 

If the External/Status Interrupt bit (WR1 ; DO) is 
enabled, Break Detect (RRO; D7) and Carrier Detect 
(RRO; D3) will cause an interrupt. Reset External/ 
Status Interrupts (WRO; D5, D4, D3) will clear Break 
Detect and Carrier Detect bits if they are set. 

A status read after a data read will include error 
status for the next word in the buffer. If the Interrupt 
on First Character (WR1; D4, D3) is selected, then 
data and error status are held until an Error Reset 
command (WRO; D5, D4, D3) is given. 

If the Interrupt on Every Character Mode bit (WR1; 
D4, D3) is selected, the interrupt vector is different if 
there is an error status in RR1 . When the character is 
read, the error status bit is set and the Special Re- 
ceive Condition vector is returned if Status Affects 
vector (WR1B; D2) is selected. 

In a polled environment, the Receive Character 
Available bit (RRO; DO) must be monitored so that 
the CPU can determine when data is available. The 
bit is reset automatically when the data is read. 



If the X1 clock mode is selected, the bit synchroniza- 
tion must be accomplished externally. 

Transmit 

The transmit function begins when the Transmit En- 
able bit (WR5; D3) is set. The MPSC automatically 
adds the start bit, the programmed parity bit (odd, 
even or no parity) and the programmed number of 
stop bits (1 , 1 .5 or 2 bits) to the data character being 
transmitted. 

The Serial data is shifted out from the Transmit Data 
(TxD) output on the falling edge of the Transmit 
Clock (TxC) input, at a rate programmable to 1 , 1/1 6, 
1/32nd, or 1/64th of the clock rate supplied to the 
TxC input. 

The TxD output is held high when the transmitter has 
no data to send, unless, under program control, the 
Send Break (WR5; D4) command is issued to hold 
the TxD low. 

If the External/STATUS Interrupt bit (WR1 ; DO) is set, 
the status of CD, CTS and SYNDET are monitored, 
and, if any changes occur for a period of time greater 
than the minimum specified pulse width, an inter- 
rupt is generated. CTS is usually monitored using 
this interrupt feature. 

If the Auto Enables (WR; D5) option is selected the 
programmer need not wait for the CTS before send- 
ing the first character. The MPSC will automatically 
wait for the CTS pin to go active before the transmis- 
sion begins. 

The Transmit Buffer Empty bit (RRO; D2) is set by the 
MPSC when the data byte from the buffer is loaded 
in the transmit shift register. The data is written to 
the MPSC only when the Tx buffer becomes empty to 
prevent overwriting. 



Asynchronous Mode Register Setup 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




00 Rx 5 b/char 














WR3 


01 Rx 7 b/char 

10 Rx 6 b/char 

11 Rx8 b/char 


AUTO 
ENABLES 














Rx 
ENABLE 




00 X1 Clock 






00 ENABLE SYNC 
MODES 


EVEN/ 




WR4 


01 X16 Clock 








01 1 STOP BIT 


ODD 


PARITY 




10 X32 Clock 






10 V/2 STOP BITS 


PARITY 


ENABLE 




11 X64 Clock 






11 2 STOP BITS 










00 Tx 5 b/char 












WR5 


DTR 


01 Tx 7 b/char 

10 Tx 6 b/char 

11 Tx 8 b/char 


SEND 
BREAK 


Tx 
ENABLE 





RTS 
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Receive 

The receive function begins when the Receive En- 
able (WR3; DO) bit is set. If the Auto Enables (WR3; 
D5) option is selected, then Carrier Detect (CD) must 
also be low. A valid start bit is detected if a low per- 
sists for at least 1/2 bit time on the Receive Data 
(RxD) input. 

The data is sampled at mid-bit time, on the rising 
edge of RxC, until the entire character is assembled. 
The receiver inserts 1 's when a character is less than 
8 bits. If parity (WR4; D1, DO) is enabled and the 
character is less than 8 bits the parity bit is not 
stripped from the character. 

The receiver also stores error status for each of the 3 
data characters in the data buffer. When a parity 
error is detected, the parity error flag (RR1 ; D4) is set 
and remains set until it is reset by the Error Reset 
command (WRO; D5, D4 : D3). 



SYNCHRONOUS OPERATION- 
MONO SYNC, Bl SYNC 

General 

The MPSC must be initialized with the following pa- 
rameters: odd or even parity (WR4; D1.D0), X1 clock 
mode (WR4; D7, D6), 8- or 16-bit sync character 
(WR4; D5, D4), CRC polynomial (WR5; D2), Trans- 
mitter Enable (WR5; D3), interrupt modes (WR1, 
WR2), transmit character length (WR5; D6, D5) and 
receive character length (WR3; D7, D6). WR4 pa- 
rameters must be written before WR1, WR3, WR5, 
WR6 and WR7. 

The data is transmitted on the falling edge of the 
Transmit Clock, (TxC) and is received on the rising 
edge of Receive Clock (RxC). The X1 clock is used 
for both transmit and receive operations for all three 
sync modes: Mono, Bi and External. 



When a character is assembled without a stop bit 
being detected, the Framing Error bit (RR1; D6) is 
set. The detection of a Framing Error adds an ad- 
ditional 1/2 bit time to the character time so the 
Framing Error is not interpreted as a new start bit. 

If the CPU fails to read a data character while more 
than three characters have been received, the Re- 
ceive Overrun bit (RR1 ; D5) is set. Only the overwrit- 
ten character is flagged with the Receive Overrun 
bit. When this occurs, the fourth character assem- 
bled replaces the third character in the receive buf- 
fers. The Receive Overrun bit (RR1; D5) is reset by 
the Error Reset command (WRO; D5, D4, D3). 



Transmit Set-Up— Monosync, Bisync 

Transmit data is held high after channel reset, or if 
the transmitter is not enabled. A break may be pro- 
grammed to generate a spacing line that begins as 
soon as the Send Break (WR5; D4) bit is set. With the 
transmitter fully initialized and enabled, the default 
condition is continuous transmission of the 8- or 
16-bit sync character. 

Using interrupts for data transfer requires that the 
Transmit Interupt/DMA Enable bit (WR1; D1) be set. 
An interrupt is generated each time the transmit buf- 
fer becomes empty. The interrupt can be satisfied 



Synchronous Mode Register Setup — Monosync, Bisync 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


WR3 


00 Rx 5 b/char 

01 Rx 7 b/char 

10 Rx 6 b/char 

11 Rx 8 b/char 


AUTO 
ENABLES 


ENTER 
HUNT 
MODE 


RxCRC 
ENABLE 





SYNC 

CHAR 

LOAD 

INHIBIT 


Rx 
ENABLE 


WR4 








00 8 bit Sync 

01 16 bit Sync 
11 Ext Sync 








EVEN/ 

ODD 

PARITY 


PARITY 
ENABLE 


WR5 


DTR 


00 Tx 5 b/char 

01 Tx 7 b/char 

10 Tx 6 b/char 

11 Tx 8 b/char 


SEND 
BREAK 


Tx 
ENABLE 


1 

(SELECTS 

CRC-16) 


RTS 


TxCRC 
ENABLE 
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either by writing another character into the transmit- 
ter or by resetting the Transmitter Interrupt/DMA 
Pending latch with a Reset Transmitter Interrupt/ 
DMA Pending Command (WRO; D5, D4, D3). If noth- 
ing more is written into the transmitter, there can be 
no further Transmit Buffer Empty interrupt, but this 
situation does cause a Transmit Underrun condition 
(RRO; D6). 

Data Transfers using the RDY signal are for soft ware 
controlled data transfers such as block moves. RDY 
tells the CPU that the MPSC is not ready to accept/ 
provide data and that the CPU must extend the 
output/input cycle. DMA data transfers use the 
TxDRQ A/B signals which indicate that the transmit 
buffer is empty, and that the MPSC is ready to accept 
the next data character. If the data character is not 
loaded into the MPSC by the time the transmit shift 
register is empty, the MPSC enters the Transmit 
Underrun condition. 

The MPSC has two programmable options for solv- 
ing the transmit underrun condition: it can insert 
sync characters, or it can send the CRC characters 
generated so far, followed by sync characters. Fol- 
lowing a chip or channel reset, the Transmit 
Underrun/EOM status bit (RRO; D6) is in a set condi- 
tion allowing the insertion of sync characters when 
there is no data to send. The CRC is not calculated 
on these automatically inserted sync characters. 
When the CPU detects the end of message, a Reset 
Transmit Underrun/EOM command can be issued. 
This allows CRC to be sent when the transmitter has 
no data to send. 

In the case of sync insertion, an interrupt is gener- 
ated only after the first automatically inserted sync 
character has been loaded in Transmit Shift Regis- 
ter. The status indicates the Transmit Underrun/ 
EOM bit and the Transmit Buffer Empty bit are set. 

In the case of CRC insertion, the Transmit 
Underrun/EOM bit is set and the Transmit Buffer 
Empty bit is reset while CRC is being sent. When 
CRC has been completely sent, the Transmit Buffer 
Empty status bit is set and an interrupt is generated 
to indicate to the CPU that another message can 
begin (this interrupt occurs because CRC has been 
sent and sync has been loaded into the Tx Shift Reg- 
ister). If no more messages are to be sent, the pro- 
gram can terminate transmission by resetting RTS, 
and disabiling the transmitter (WR5; D3). 

Bisync CRC Generation. Setting the Transmit CRC 
enable bit (WR5; DO) indicates CRC accumulation 
sWhen the program sends the first data character to 



the MPSC. Although the MPSC automatically 
transmits up to two sync characters (1 6 bit sync), it is 
wise to send a few more sync characters ahead of 
the message (before enabling Transmit CRC) to 
ensure synchronization at the receiving end. 

The Transmit CRC Enable bit can be changed on the 
fly any time in the message to include or exclude a 
particular data character from CRC accumulation. 
The Transmit CRC Enable bit should be in the de- 
sired state when the data character is loaded from 
the transmit shift register. To ensure this bit in the 
proper state, the Transmit CRC Enable bit must be 
issued before sending the data character to the 
MPSC. 

Transmit Transparent Mode. Transparent mode 
(Bisync protocol) operation is made possible by the 
ability to changeTransmit CRC Enable on the fly and 
by the additional capability of inserting 16 bit sync 
characters. Exclusion of DLE characters from CRC 
calculation can be achieved by disabling CRC calcu- 
lation immediately preceding the DLE character 
transfer to the MPSC. 

In the transmit mode, the transmitter always sends 
the programmed number of sync bits (8 or 16) (WR4; 
D5, D4). When in the Monosync mode, the transmit- 
ter sends from WR6 and the receiver compares 
against WR7. One of two CRC polynomials, CRC 16 
or SDLC, may be used with synchronous modes. In 
the transmit initialization process, the CRC 
generator is initialized by setting the Reset Transmit 
CRC Generator command (WRO; D7, D6). 

The External/Status interrupt (WR1; DO) mode can 
be used to monitor the status of the CTS input as 
well as the Transmit Underrun/EOM latch. Option- 
ally, the Auto Enable (WR3; D5) feature can be used 
to enable the transmitter when CTS is active. The 
first data transfer to the MPSC can begin when the 
External/Status interrupt occurs (CTS (RRO; D5) 
status bit set) following the Transmit Enable com- 
mand (WR5; D3). 

Receive 

After a channel reset, the receiver is in the Hunt 
phase, during which the MPSC looks for character 
synchronization. The Hunt begins only when the re- 
ceiver is enabled and data transfer begins only when 
character synchronization has been achieved. If 
character synchronization is lost, the hunt phase 
can be re-entered by writing the Enter Hunt Phase 
(WR3; D4) bit. The assembly of received data con- 
tinues until the MPSC is reset or until the receiver is 
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disabled (by command or by CD while in the Auto 
Enables mode) or until the CPU sets the Enter Hunt 
Phase bit. Under program control, all the leading 
sync characters of the message can be inhibited 
from loading the receive buffers by setting the Sync 
Character Load Inhibit (WR3; D1 ) bit. After character 
synchronization is achieved the assembled charac- 
ters are transferred to the receive data FIFO. 

Data may be transferred with or without interrupts. 
Transferring data without interrupts is used for a 
purely polled operation or for off-line conditions. 
There are three interrupt modes available for data 
transfer: Interrupt on First Character Only, Interrupt 
on Every Character, and Special Receive Conditions 
Interrupt. 

Interrupt on First Character Only mode is normally 
used to start a polling loop, a block transfer se- 
quence using RDY to synchronize the CPU to the in- 
coming data rate or a DMA transfer using the RxDRQ 
signal. The MPSC interrupts on the first character 
and thereafter only interrupts after a Special Re- 
ceive Condition is detected. This mode can be 
reinitialized using the Enable Interrupt On Next Re- 
ceive Character (WRO; D5, D4, D3) command which 
allows the next character received to generate an 
interrupt. Parity Errors do not cause interrupts, but 
End of Frame (SDLC operation) and Receive Over- 
run do cause interrupts in this mode. If the external 
status interrupts (WR1 ; DO) are enabled an interrupt 
may be generated any time the CD changes state. 

Interrupt On Every Character mode generates an 
interrupt whenever a character enters the receive 
buffer. Errors and Special Receive Conditions gen- 
erate a special vector if the Status Affects Vector 
(WR1 B; D2) is selected. Also the Parity Error may be 



programmed (WR1 ; D4, D3) not to generate the spe- 
cial vector while in the Interrupt On Every Character 
mode. 



The Special Receive Condition interrupt can only 
occur while in the Receive Interrupt On First Charac- 
ter Only or the Interrupt On Every Receive Character 
modes. The Special Receive Condition interrupt is 
caused by the Receive Overrun (RR1 ; D5) error con- 
dition. The error status reflects an error in the cur- 
rent word in the receive buffer, in addition to any 
Parity or Overrun errors since the last Error Reset 
(WRO; D5, D4, D3). The Receive Overrun and Parity 
error status bits are latched and can only be reset by 
the Error Reset (WRO; D5, D4, D3) command. 



SYNCHRONOUS OPERATION— SDLC 

General 

Like the other synchronous operations the SDLC 
mode must be initialized with the following parame- 
ters: SDLC mode (WR4; D5, D4), SDLC polynomial 
(WR5; D2), Request to Send, Data Terminal Ready, 
transmit character length (WR5; D6, D5), interrupt 
modes (WR1; WR2), Transmit Enable (WR5; D3), 
Receive Enable (WR3; DO), Auto Enable (WR3; D5) 
and External/Status Interrupt (WR1; D0).WR4 
parameters must be written before WR1, WR3, 
WR5, WR6 and WR7. 

The Interrupt modes for SDLC operation are similar 
to those discussed previously in the synchronous 
operations section. 



Synchronous Mode Register Setup — SDLC/HDLC 
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01 Rx 7b/char 

10 Rx6b/char 
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Transmit 

After a channel reset, the MPSC begins sending 
SDLC flags. 

Following the flags in an SDLC operation the 8-bit 
address field, control fiefd and information field may 
be sent to the MPSC by the microprocessor. The 
MPSC transmits the Frame Check Sequence using 
the Transmit Underrun feature. The MPSC automat- 
ically inserts a zero after every sequence of 5 con- 
secutive 1's except when transmitting Flags or 
Aborts. 

SDLC — like protocols do not have provision for fill 
characters within a message. The MPSC therefore 
automatically terminates an SDLC frame when the 
transmit data buffer and output shift register have 
no more bits to send. It does this by sending the two 
bytes of CRC and then one or more flags. This allows 
very high-speed transmissions under DMA or CPU 
control without requiring the CPU to respond 
quickly to the end-of-message situation. 



The MPSC can be programmed to receive all frames 
or it can be programmed to the Address Search 
Mode. In the Address Search Mode, only frames with 
addresses that match the value in WR6 or the global 
address (OFFH) are received by the MPSC. Extended 
address recognition must be done by the micropro- 
cessor software. 

The control and information fields are received as 
data. 

SDLC/HDLC CRC calculation does not have an 8-bit 
delay, since all characters are included in the calcu- 
lation, unlike Byte Synchronous Protocols. 

Reception of an abort sequence (7 or more 1's) will 
cause the Break/Abort bit (RRO; D7) to be set and will 
cause an External/Status interrupt, if enabled. After 
the Reset External/Status Interrupts Command has 
been issued, asecond interrupt will occur atthe end 
of the abort sequence. 



MPSC 



After a reset, the Transmit Underrun/EOM status bit 
is in the set state and prevents the insertion of CRC 
characters during the time there is no data to send. 
Flag characters are sent. The MPSC begins to send 
the frame when data is written into the transmit buf- 
fer. Between the time the first data byte is written, 
and the end of the message, the Reset Transmit 
Underrun/EOM (WRO; D5, D4, D1) command must 
be issued. The Transmit Underrun/EOM status bit 
(RRO; D6) is in the reset state at the end of the mes- 
sage which automatically sends the CRC 
characters. 

The MPSC may be programmed to issue a send 
Abort command (WRO; D5, D4, D3). This command 
causes at least eight T's but less than fourteen 1 's to 
be sent before the line reverts to continuous flags. 



Receive 

After initialization, the MPSC enters the Hunt phase, 
and remains in the Hunt phase until the first Flag is 
received. The MPSC never again enters the Hunt 
phase unless the microprocessor writes the Enter 
Hunt command. 



Detailed Command Description 

GENERAL 

The MPSC supports an extremely flexible set of se- 
rial and system interface modes. 

The system interface to the CPU consists of 8 ports 
or buffers: 



cs 


A 


*i 


Read Operation 


Write Operation 







1 





1 
1 

X 




1 



1 

X 


Ch. A Data Read 
Ch. A Status Read 
Ch. B Data Read 
Ch. B Status Read 
High Impedence 


Ch. A Data Write 

Ch. A Command/Parameter 

Ch. B Data Write 

Ch. B Command/Parameter 

High Impedence 



Data buffers are addressed by A., = 0, and Command 
ports are addressed by A 1 = 1. 

Command, parameter, and status information is 
held in 22 registers within the MPSC (8 write regis- 
ters and 3 read registers for each channel). They are 
all accessed via the command ports. 

An internal pointer register selects which of the 
command or status registers will be read or written 
during a command/status access of an MPSC 
channel. 
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Figure 3. Command/Status Register Architecture (each serial channel) 



After reset, the contents of the pointer register are 
zero. The first write to a command register causes 
the data to be Ipaded into Write Register (WR0). 
The three least significant bits of WR0 are loaded 



into the Command/Status Pointer. The next read 
or write operation accesses the read or write reg- 
ister selected by the pointer. The pointer is reset 
after the read or write operation is completed. 
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COMMAND/STATUS DESCRIPTION 

The following command and status bytes are used 
during initialization and execution phases of opera- 
tion. All Command/Status operations on the two 
channels are identical, and independent, except 
where noted. 

Write Register (WRO): 



I — ■ — I — i — > — I — ■ — I - 

D7 D6 I D5 D4 D3 I D2 D1 DO 



Command 
Command 1 

Command 2 
Command 3 



COMMAND/STATUS POINTER 



REGISTER POINTER 



null code 

send abort (sdlc) 

reset ext/status interrupts 

channel reset 

enable interrupt on next rx 

Character 

reset txint/dma pending 
error reset 
end of interrupt 



Command 4 



Command 5 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



Detailed Register Description 



WRO 

D2, D1, DO— Command/Status Register Pointer bits 
determine which write-register the next byte is to be 
written into, or which read-register the next byte is to 
be read from. After reset, the first byte written into 
either channel goes into WRO. Following a read or 
write to any register (except WRO) the pointer will 
point to WRO. 

D5, D4, D3 — Command bits determine which of the 
basic seven commands are to be performed. 



Command 6 



Command 7 



D7, D6 

00 

01 



Null — has no effect. 

Send Abort — causes the genera- 
tion of eight to thirteen 1's when 
in the SDLC mode. 

Reset External/Status Interrupts — 
resets the latched status bits of 
RRO and re-enables them, allowing 
interrupts to occur again. 

Channel Reset — resets the Latch- 
ed Status bits of RRO, the 
interrupt prioritization logic and 
all control registers for the 
channel. Four extra system 
clock cycles should be allowed 
for MPSC reset time before any 
additional commands or controls 
are written into the channel. 

Enable Interrupt on Next Receive 
Character — if the Interrupt on 
First Receive Character mode is 
selected, this command reacti- 
vates that mode after each com- 
plete message is received to 
prepare the MPSC for the next 
message. 

Reset Transmitter Interrupt/DMA 
Pending — if The Transmit 
Interrupt/DMA Enable mode is 
selected, the MPSC automatically 
interrupts or requests DMA data 
transfer when the transmit buffer 
becomes empty. When there are no 
more characters to be sent, 
issuing this command prevents 
further transmitter interrupts or 
DMA requests until the next 
character has been completely 
sent. 

Error Reset— error latches, Pari- 
ty and Overrun errors in RR1 are 
reset. 

End of Interrupt — resets the 
interrupt-in-service latch of the 
highest-priority internal device 
under service. 

CRC Reset Code 

Null — has no effect. 

Reset Receive CRC Checker — 
resets the CRC checker to 0's. If in 
SDLC mode the CRC checker is 
initialized to all 1's. 
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10 



11 



Reset Transmit CRC Generator 
— resets the CRC generator to 
0's. If in SDLC mode the CRC 
generator's initialized to all 1's. 

Reset Tx Underrun/End of Message 
Latch. 



Write Register 1 (WR1): 



MSB 






















LSB 




D7 





D5 


. 


. 


D2 


D1 


DO 


















EXT INTERRUPT 






ENABLE 














TxINTERRUPT/ 






DMA ENABLE 












1 = VARIABLE 
STATUS AFFECTS VECTOR 






VECTOR (CH B ONLY) = FIXED 
(NULL CODE CH A) VECTOR 








i 


' 











RxINT/DM A DISABLE 










1 
1 


1 RxINT ON FIRST CHAR OR SPECIAL 
CONDITION 

INT ON ALL Rx CHAR (PARITY AFFECTS 
VECTOR) OR SPECIAL CONDITION 

1 INT ON ALL Rx CHAR (PARITY DOES 
NOT AFFECT VECTOR) OR SPECIAL 
CONDITION 

1 = WAIT ON Rx, = WAIT ON Tx 








MUST BE ZERO 








WAI 


TENA 


3LE 1 = ENABLE, = DISABLE 



DO External/Status Interrupt Enable 

— allows interrupt to occur as the 
resu lt of transition s on the CD, 
CTS or SYNDET inputs. Also 
allows interrupts as the result of a 
Break/Abort detection and termi- 
nation, or at the beginning of CRC, 
or sync character transmission 
when the Transmit Underrun/EOM 
latch becomes set. 



D1 



D2 



D4, D3 


1 

1 



1 1 



D5 



D6 
D7 



Transmitter Interrupt/DMA Enable 
— allows the MPSC to interrupt or 
request a DMA transfer when the 
transmitter buffer becomes empty. 

Status Affects vector— (WR1, D2 
active in channel B only.) If this 
bit is not set, then the fixed vector, 
programmed in WR2, is returned 
from an interrupt acknowledge 
sequence. If the bit is set then the 
vector returned from an interrupt 
acknowledge is variable as shown 
in the Interrupt Vector Table. 

Receive Interrupt Mode 

Receive Interrupts/DMA Disabled 

Receive Interrupt on First Charac- 
ter Only or Special Condition 

Interrupt on All Receive Charac- 
ters or Special Condition (Parity 
Error is a Special Receive Condi- 
tion) 

Interrupt on All Receive Charac- 
ters or Special Condition (Parity 
Error is not a Special Receive 
Condition). 



Wait on Receive/Transmit — when 
the following conditions are met 
the RDY pin is activated, otherwise 
it is held in the High-Z state. 
(Conditions: Interrupt Enabled 
Mode, Wait Enabled, CS = 0, 
A0 = 0/1, and A1 = 0). The RDY 
pin is pulled low when the trans- 
mitter buffer is full or the receiver 
buffer is empty and it is driven 
High when the transmitter buffer is 
empty or the receiver buffer is full. 
The RDY A and RDY B may be 
wired OR connected since only 
one signal is active at any one time 
while the other is in the High Z 
state. 

Must be Zero 

Wait Enable — enables the wait 
function. 
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WR2 



D1.DO 



1 

1 

1 1 

D2 



Channel A 

System Configuration — These 
specify the data transfer from 
MPSC channels to the CPU, either 
interrupt or DMA based. 

Channel A and Channel B both use 
interrupts 

Channel A uses DMA, Channel B 
uses interrupt 

Channel A and Channel B both 
use DMA 

Illegal Code 

Priority — this bit specifies the 
relative priorities of the internal 
MPSC interrupt/DMA sources. 

(Highest) RxA, TxA, RxB, TxB 
ExTA, ExTB (Lowest) 

(Highest) RxA, RxB, TxA, TxB, 
ExTA, ExTB (Lowest) 



D5, D4, D3 



X X 



1 



1 1 



1 1 



D7, D6 



Interrupt Code — specifies the 
behavior of the MPSC when it re- 
ceives an interrupt acknowledge 
sequence from the CPU. (See Inter- 
rupt Vector Mode Table). 

Non-vectored interrupts — in- 
tended for use with external DMA 
CONTROLLER. The Data Bus re- 
mains in a high impedence state 
during INTA sequences. 

8085 Vector Mode 1— intended for 
use as the primary MPSC in a daisy 
chained priority structure. (See 
System Interface section) 

8085 Vector Mode 2— intended for 
use as any secondary MPSC in a 
daisy chained priority structure. 
(See System Interface section) 

8086/88 Vector Mode— intended 
for use as either a primary or 
secondary in a daisy chained 
priority structure. (See System 
Interface section) 

Must be zero. 



Write Register 2 (WR2): Channel A 





MSB LSE 






D7 

I 


D5 


I 
D4 D3 


D2 


D1 DO 














BOTH INTERRUPT 












1 A DMA, B INT 












1 BOTH DMA 












1 1 ILLEGAL 








' 




1 = PRIORITY RxA >RxB >TxA >TxB >EXTA* >EXTB* 


' 


= PRIORITY RxA >TxA >RxB >TxB >EXTA* >EXTB* 








8085 MODE 1 








1 8085 MODE 2 








1 8086/88 MODE 








1 1 ILLEGAL 








1 = VECTORED INTERRUPT 




= NON VECTORED INTERRUPT 






MUST BE ZERO 










1 PIN 10 


= SYNDET B 




PIN10=RTS B 


•EXTERNAL STATUS INTERRUPT- 
ONLY IF EXT INTERRUPT ENABLE (WR1 ; D0)IS SET 
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The following table describes the MPSC's response to an interrupt acknowledge sequence: 



D5 


D4 


D3 


IPI 


MODE 


INTA 


Data Bus 





X 


X 


X 


Non-vectored 


Any INTA 


D7 DO 
High Impedance 


1 











85 Mode 1 


1st INTA 
2nd INTA 
3rd INTA 


110 110 1 
V7 V6 V5 V4* V3* V2* V1 VO 
0000 00 


1 








1 


85 Mode 1 


1st INTA 
2nd INTA 
3rd INTA 


110 110 1 
High Impedance 
High Impedance 


1 





1 





85 Mode 2 


1st INTA 
2nd INTA 
3rd INTA 


High Impedance 
High Impedance 
High Impedance 


1 


1 








86 Mode 


1st INTA 


High Impedance 

V7 V6 V5 V4 V3 V2* V1*V0* 


1 


1 





1 


86 Mode 


1st INTA 
2nd INTA 


High Impedance 
High Impedance 



*These bits are variable if the "status affects vector" mode has been programmed, (WR1B, p.2). 



Interrupt/DMA Mode, Pin Functions, and Priority 



Ch. 
D 2 


AWI 


R2 
Do 


lnt/[ 
Mc 

CH.A 


)MA 
>de 

CH. B 


RDY A / 

RxDRQ A 

Pin 32 


Pin Fui 
RDY B / 
TxDRQ A 
Pin 11 


ictions 
IPI/ 
RxDRQ B 
Pin 29 


IPO/ 

TxDRQ B 

Pin 30 


Priority 
Highest Lowest 











INT 


INT 


RDY A 


RDY B 


IPI 


IPO 


RxA, TxA, RxB, TxB, EXT A , EXT B 


1 








INT 


INT 


RxA, RxB, TxA, TxB, EXT A , EXT B 








1 


DMA 




RxDRQ A 


TxDRQ A 


[pi 


IPO 


RxA, TxA (DMA) 
~RxA 1 , RxB, TxB, EXT A , EXT B (INT) 




INT 


1 





1 


DMA 


INT 


RxA, TxA (DMA) 


RxA 1 , RxB, TxB, EXT A , EXT B (INT) 





1 





DMA 


DMA 


RxDRQ A 


TxDRQ A 


RxDRQ B 


TxDRQ B 


RxA, TxA, RxB, TxB (DMA) 
RxA 1 , RxB 1 , EXT A , EXT B (INT) 


1 


1 





DMA 


DMA 


RxA, RxB, TxA, TxB, (DMA) 
RxA 1 , RxB 1 , EXT A , EXT B (INT) 



1 Special Receive Condition 
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Interrupt Vector Mode Table 



8085 Modes 
8086/88 Mode 


v 4 v 3 v 2 
v 2 ^ v 


Channel 


Condition 


Note 1 : Special 

Receive Condition = 

Parity Error, 

Rx Overrun Error, 

Framing Error, 

End of Frame (SDLC) 



1 
1 
1 1 


B 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Notel) 




1 
1 1 
1 1 

1 1 1 


A 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Notel) 



Write Register 2 (WR2): Channel B 



WR2 CHANNEL B 



MSB 



I I I I I I I 

V7 V6 V5 V4 V3 V2 V1 V0 

_l I I I L_J l_ 



Interrupt 



D7-D0 Interrupt vector — This register contains 
the value of the interrupt vector placed 
on the data bus during interrupt ac- 
knowledge sequences. 



Write Register 3 (WR3): 





MSB 




LSB 




or 


M 


D5 


D4 


D3 


D2 


D1 


DO 




> 




























— Rx ENABLE 
















SYNC CHAR LOAD INHIBIT 














I ADDR SRCH MODE (SDLC) 






















ENTER HUNT MODE 








AUTO ENABLES 








Rx 5 BITS/CHAR 





1 


Rx 7 BITS/CHAR 


1 
1 




1 


Rx 6 BITS/CHAR 
Rx 8 BITS/CHAR 
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WR3 

DO 



D1 



D2 



Write Register 4 (WR4): 



D3 



Receiver Enable — A one enables the re- 
ceiver to begin. This bit should be set only 
after the receiver has been initialized. 

Sync Character Load Inhibit — A one pre- 
vents the receiver from loading sync 
characters into the receive buffers. 

Address Search Mode — If the SDLC mode 
has been selected, the MPSC will re- 
ceive all frames unless this bit is a 1 . If this 
bit is a 1 , the MPSC will receive only frames 
with address bytes that match the global 
address (OFFH) or the value loaded into 
WR6. This bit must be zero in non-SDLC 
modes. 

Receive CRC Enable— A one in this bit 
enables (or re-enables) CRC calculation. 
CRC calculation starts with the last charac- 
ter placed in the Receiver FIFO. A zero in 
this bit disables, but does not reset, the 
Receiver CRC generator. 

Enter Hunt Phase — After initialization, the 
MPSC automatically enters the Hunt mode. 
If synchronization is lost, the Hunt phase 
can be re-entered by writing a one to this 
bit. 

Auto Enables — A one written to this bit 
causes CD to be a utom atic enable signal 
for the receiver and CTS to be an automatic 
enable signal for the transmitter. A zero 
writt en to this bit limits the effect of CD and 
CTS signals to setting/resetting their corre- 
sponding bits in the status register (RRO). 



D7, D6 Receive Character length 

Receive 5 Data bits/character 

1 Receive 7 Data bits/character 

1 Receive 6 Data bits/character 
1 1 Receive 8 Data bits/character 



D4 



D5 



D7 D6 



D5 ■ D4 



1 = ENABLE PARITY 



- DISABLE PARITY 
1 = EVEN PARITY 



= ODD PARITY 



ENABLE SYNC MODES 

1 1 STOP BIT 

1 1.5 STOP BITS 
1 1 2 STOP BITS 

8 BIT SYNC CHAR 

1 16 BIT SYNC CHAR 

1 SDLC/HDLC MODE (011111 10) FLAG 
1 1 EXTERNAL SYNC MODE 

X1 CLOCK 

1 X16 CLOCK 

1 X32 CLOCK 
1 1 X64 CLOCK 



WR4 

DO 



Parity — a one in this bit causes a parity 
bit to be added to the programmed number 
of data bits per character for both the 
transmitted and received character. If the 
MPSC is programmed to receive 8 bits per 
character, the parity bit is not transferred 
to the microprocessor. With other receiver 
character lengths, the parity bit is trans- 
ferred to the microprocessor. 

Even/Odd Parity — if parity is enabled, a 
one in this bit causes the MPSC to transmit 
and expect even parity, and a zero causes 
it to send and expect odd parity. 



D3, D2 Stop bits/sync mode 



D1 
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Selects synchronous modes. 

1 Async mode, 1 stop bit/character 

1 Async mode, 1- 1 /2 stop bits/character 
1 1 Async mode, 2 stop bits/character 

D5, D4 Sync mode select 

8 bit sync character 

1 16 bit sync character 

1 SDLC mode (Flag sync) 

1 1 External sync mode 

D7, D6 Clock mode — selects the clock/data rate 
multiplier for both the receiver and the 
transmitter. 1x mode must be selected for 
synchronous modes. If the 1x mode is 
selected, bit synchronization must be done 
externally. 

Clock rate = Data rate x 1 

1 Clock rate = Data rate x 16 

1 Clock rate = Data rate x 32 
1 1 Clock rate = Data rate x 64 

Write Register 5 (WR5): 



WR5 

DO 



D1 



D2 



D3 



Transmit CRC Enable— a one in this bit 
enables the transmitter CRC generator. 
The CRC calculation is done when a 
character is moved from the transmit 
buffer into the shift register. A zero in this 
bit disables CRC calculations. If this bit is 
not set when a transmitter underrun 
occurs, the CRC will not be sent. 



Re quest to Send — a one in this bit forces 
the RTS pi n act ive (low) and zero in this bit 
forces the RTS pin inactive (high). 



CRC Select — a one in this bit selects the 
CRC -16 polynomial (X 16 + X 15 + X 2 + 1) 
and a zero in this bit selects the CCITT-CRC 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 






















Tx CRC ENABLE 


















RTS 
















sni r.ir.ar..Mi ir.nr. unne\ 




















' 


' 




SF 


ND BREAK 


















Tx 5 BITS OR LESS/CHAR 









1 


Tx 7 BITS/CHAR 






1 
1 




1 


Tx 6 BITS/CHAR 
Tx 8 BITS/CHAR 












DT 


R 



polynomial (X lb + X 1& + X s + 1). 

Transmitter Enable— a zero in this bit 
forces a marking state on the transmitter 
output. If this bit is set to zero during data 
or sync character transmission, the mark- 
ing state is entered after the character has 
been sent. If this bit is set to zero during 
transmission of a CRC character, sync or 
flag bits are substituted for the remainder 
of the CRC bits. 



D4 Send Break — a one in this bit forces the 

transmit data low. A one in this bit allows 
normal transmitter operation. 

D6, D5 Transmit Character length 

Transmit 5 or less bits/character 

1 Transmit 7 bits/character 

1 Transmit 6 bits/character 

1 1 Transmit 8 bits/character 

Bits to be sent must be right justified least significant 
bit first, eg: 

D7 D6 D5 D4 D3 D2 D1 DO 

B5 B4 B3 B2 B1 BO 
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Five or less mode allows transmission of one to five bits per 
character. The microprocessor must format the data in 
the following way: 



D7 D6 D5 D4 D3 D2 D1 DO 



1 


1 


1 


1 


1 


1 


1 


BO 


1 


1 


1 











B1 


BO 


1 


1 











B2 


B1 


BO 


1 











B3 


B2 


B1 


BO 











B4 


B3 


B2 


B1 


BO 


D7 




Data Terminal 


Rea 


dy — i 


wher 



Sends one data bit 
Sends two data bits 
Sends three data bits 
Sends four data bits 
Sends five data bits 



forces the DTR pin act ive ( low). When 
reset, this bit forces the DTR pin inactive 
(high). 



Write Register 6 (WR6): 



Write Register 7 (WR7): 



I I T 

D7 D6 D5 D4 D3 D2 D1 DO 
I I II I II 



Least significant 



D7 ' D6 D5 D4 ' D3 D2 D1 \ DO 
_J I I I I I l_ 



Most Significant 



Sync byte (must 
be 01111110 in 
SDLC/HDLC Mode) 



WR6 

D7-D0 



WR7 

D7-D0 



Sync/Address — this register contains the 
transmit sync character in Monosync 
mode, the low order 8 sync bits in Bisync 
mode, or the Address byte in SDLC mode. 



Sync/Flag— this register contains the re- 
ceive sync character in Monosync mode, 
the high order 8 sync bits in Bisync mode, 
or the Flag character (01111110) in SDLC 
mode. WR7 is not used in External Sync 
mode. 
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Read Register (RRO): 



Rx CHAR AVAILABLE 
Int PENDING (CHA ONLY) 

Tx BUFFER EMPTY 

CARRIER DETECT 

SYNC/HUNT 

CTS 

Tx UNDERRUN/EOM 

BREAK/ABORT 



v EXTERNAL STATUS 
/ INTERRUPT MODE 



RRO 

DO 



D1 



D2 



Receive Character Available — this bit is 
set when the receive FIFO contains data 
and is reset when the FIFO is empty. 

Interrupt Pending* — This Interrupt-Pend- 
ing bit is reset when an EOI command is 
issued and there is no other interrupt re- 
quest pending at that time. 

Transmit Buffer Empty— This bit is set 
whenever the transmit buffer is empty 
except when CRC characters are being 
sent in a synchronous mode. This bit is 
reset when the transmit buffer is loaded. 
This bit is set after an MPSC reset. 

Carrier Detect — This bit contains the state 
of the CD pin at the time of the last change 
of any of the External/Status bits (CD, 
CTS, Sync/Hunt, Break/Abort, or Tx 
Underrun/EOM). Any change of state of the 
CD pin causes the CD bit to be latched and 
causes an External/Status interrupt. This bit 
indicates current state of the CD pin im- 
mediately following a Reset External/Status 
Interrupt command. 



*ln vector mode this bit is set at the falling edge of 
the second INTA in an INTA cycle for an internal 
interrupt request. In non-vector mode, this bit is 
set at the falling edge of RD input after pointer 2 
is specified. This bit is always zero in Channel B. 



D3 



D4 Sync/Hunt — In asynchronous modes, the 

operation of this bit is similar to the CD 
status bit, ex cept that S ync/Hunt shows the 
state of the SYNDET input. A ny High-to- 
Low transition on the SYNDET pin sets this 
bit, and causes an External/Status inter- 
rupt (if enabled). The Reset External/Status 
Interrupt command is issued to clear the 
interrupt. A Low-to-High transition clears 
this bit and sets the External/Status inter- 
rupt. When the External/Status interrupt is 
set by the change in state of any other input 
or condition, this bit shows the inverted 
state of the SYNDET pin at time of the 
change. This bit must be read immediately 
following a Reset External/Status Interrupt 
comman d to read the current state of the 
SYNDET input. 

In the External Sync mode, the Sync/Hunt 
bit operates in a fashion similar to the 
Asynchronous mode, except the Enter 
Hunt Mode control bit enables the external 
sync detection logic. When the External 
Sync Mode and Enter Hunt Mode bits are 
set (for example, when the re ceiver is 
enabled following a reset), the SYNDET 
input must be held High by the external 
logic until external character syn chroniza- 
tion is achieved. A High at the SYNDET 
input holds the Sync/Hunt status in the 
reset condition. 
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When e xternal synchronization is 
achieved, SYNDET must be drive n Low on 
the second ri sing edge of RxC after the 
rising edge of RxC on which the last bit of 
the sync character was received. In other 
words, after the sync pattern is detected, 
the external logic must wait for tw o full 
Rece ive Clock c ycles to a ctivate the SYN- 
DET input. Once SYNDET is forced Low, it 
is good practice to keep it Low until the 
CPU informs the external sync logic that 
synchronization has been lost or a new 
message is about to start. T he High-to-Low 
transition of the SYNDET output sets the 
Sync/Hunt bit, which sets the External/ 
Status interrupt. The CPU must clear the 
interrupt by issuing the Reset External/ 
Status Interrupt Command. 



When the SYNDET input goes High again, 
another External/Status interrupt is gener- 
ated that must aiso be cleared. The Enter 
Hunt Mode control bit isset whenever 
character synchronization is lost or the end 
of message is detected. In this case, the 
MPSC againjopksfor a High-to-Low transi- 
tion on the SYNDET input and the opera- 
tion repeats as explained previously. This 
implies the CPU should also inform the ex- 
ternal logic that character synchronization 
has been los t and that the MPSC is waiting 
for SYNDET to become active. 



D5 



In the SDLC mode, the Sync/Hunt bit is 
initially set by the Enter Hunt mode bit, or 
when the receiver is disabled. In any case, it 
is reset to when the opening flag of t he 
first frame is detected by the MPSC. The 
External/Status interrupt is also generated, 
and Should be handled as discussed 
previously . 



Unlike the Monosync and Bisync modes, 
once the Sync/Hunt bit is reset in the SDLC 
mode, it does not need to be set when the 
end of message is detected. The MPSC au- 
tomatically maintains synchronization. 
The only way the Sync/Hunt bit can be set 
again is by the Enter Hunt Mode bit, or by 
disabling the receiver. 



Clear to Send — t his bit contains the in- 
verted state of the CTS pin at the time of the 
last change of any of the External/Status 
bits (CD, CTS, Sync/Hunt, Break/Abort, or 
Tx U nder run/EOM). Any change of state of 
the CTS pin causes the CTS bit to be 
latched and causes an External/Status 
interrupt. This bit indicates the in verse of 
the current state of the CTS pin im- 
mediately following a Reset External/ 
Status Interrupt command. 



In the Monosync and Bisync Receive 
modes, the Sync/Hunt status bit is initially 
set to 1 by the Enter Hunt Mode bit. The 
Sync/Hunt bit is reset when the MPSC es- 
tablishes character synchronization. The 
High-to-Low transition of the Sync/Hunt bit 
causes an External/Status interrupt that 
must be cleared by the CPU issuing the 
Reset External/Status Interupt command. 
This enables the MPSC to detect the next 
transition of other External/Status bits. 



D6 Transmitter Underrun/End of Message — 

this bit is in a set condition following a reset 
(internal or external). The only command 
that can reset this bit is the Reset Transmit 
Underrun/EOM Latch command (WRO, D 6 
and D 7 ). When the Transmit Underrun con- 
dition occurs, this bit is set, which causes 
the External/Status Interrupt which must 
be reset by issuing a Reset External/Status 
command (WRO; command 2). 



When the CPU detects the end of message 
or that character synchronization is lost, it 
sets the Enter Hunt Mode control bit, which 
sets the Sync/Hunt bit to 1. The Low-to- 
High transition of the Sync/Hunt bit sets the 
External/Status Interrupt, which mu st also 
be cleared by the Reset External/Status 
Interrupt Command. Note that the SYNDET 
pin acts as an output in this mode, and 
goes low every time a sync pattern is de- 
tected in the data stream. 



D7 Break/Abort — in the Asynchronous Re- 

ceive mode, this bit is set when a Break 
sequence (null character plus framing 
error) is detected in the data stream. The 
External/Status interrupt, if enabled, is set 
when break is detected. The interrupt ser- 
vice routine must issue the Reset 
External/Status Interrupt command (WRO, 
Command 2) to the break detection logic 
so the Break sequence termination can be 
recognized. 
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SDLC Residue Code Table (1 Field Bits in 2 Previous Bytes) 






8 bits/char 


7 bits/char 


6 bits/char 


5 bits/char 


RR1 
D3, D2, D1 


Previous 
Byte 


2nd Prev. 
Byte 


Previous 
Byte 


2nd Prev. 
Byte 


Previous 
Byte 


2nd Prev. 
Byte 


Previous 
Byte 


2nd Prev. 
Byte 


1 





3 














1 





4 









6 






1 1 





5 














1 





6 













5 


1 1 





7 














1 1 





8 














1 1 1 


1 


8 

















2 


8 





7 









The Break/Abort bit is reset when the ter- 
mination of the Break sequence is detected 
in the incoming data stream. The termina- 
tion of the Break sequence also causes the 
External/Status interrupt to be set. The 
Reset External/Status Interrupt command 
must be issued to enable the break detec- 
tion logic to look for the next Break se- 
quence. A single extraneous null character 
is present in the receiver after the termina- 
tion of a break; it should be read and 
discarded. 



DO All sent — this bit is set when all cnarac- 

ters have been sent, in asynchronous 
modes. It is reset when characters are in 
the transmitter, in asynchronous modes. 
In synchronous modes, this bit is always 
set. 

D3, D2, D1 Residue Codes — bit synchronous pro- 
tocols allow l-fields that are not an inte- 
gral number of characters. Since trans- 
fers from the MPSC to the CPU are char- 
acter oriented, the residue codes 
provide the capability of receiving 
leftover bits. Residue bits are right jus- 
tified in the last two data bytes received. 



In the SDLC Receive mode, this status bit is 
set by the detection of an Abort sequence 
(seven or more 1's). The External/Status 
interrupt is handled the same way as in the 
case of a Break. The Break/Abort bit is not 
used in the Synchronous Receive mode. 



D4 Parity Error — If parity is enabled, this bit 

is set for received characters whose par- 
ity does not match the programmed 
sense (Even/Odd). This bit is latched. 
Once an error occurs, it remains set until 
the Error Reset command is written. 
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Read Register 1 (RR1): (Special Receive Condition Mode) 





MSB 


LSB 








D7 


D6 


D5 


D4 


D3 D2 D1 


DO 














V 




, I 








I— ALL SENT 














I FIELD BITS I FIELD BITS 










f ^ . .._ 

2 8 












1 


6 












1 


4 












1 1 


8 


k RESIDUE DATA 

f 8 BITS/CHAR. MODE 










1 


3 












1 1 


7 












1 1 


5 












1 1 1 


1 8 J 


























PRP/FDAMIMrSFBOnD 




ewnnccoAMC/cni r.ium r. Mnnn 













D5 Receive Overrun Error — this bit indi- 

cates that the receive FIFO has been 
overloaded by the receiver. The last 
character in the FIFO is overwritten and 
flagged with this error. Once the over- 
written character is read, this error con- 
dition is latched until reset by the Error 
Reset command. If the MPSC is in the 
status affects vector mode, the overrun 
causes a special Receive Condition 
Vector. 

D6 CRC/Framing Error — In async modes, a 

one in this bit indicates a receive fram- 



D7 



ing error. In synchronous modes, a one 
in this bit indicates that the calculated 
CRC value does not match the last two 
bytes received. It can be reset by issuing 
an Error Reset command. 



End of Frame — this bit is valid only in 
SDLC mode. A one indicates that a valid 
ending flag has been received. This bit is 
reset either by an Error Reset command 
or upon reception of the first character 
of the next frame. 
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Read Register 2 (RR2): 



— i — i — i 1 1 — i 1 — 

V7 V6 V5 V4* V3* V2* V1* VO* 



* Variable In 
. Status Affects 
Vector Mode (WR1;D2) 



RR2 Channel B 

D7-D0 Interrupt vector — contains the interrupt 
vector programmed into WR2. If the status 
affects vector mode is selected, it contains 
the modified vector. (See WR2) RR2 con- 
tains the modified vector for the highest 
priority interrupt pending. If no interrupts 
are pending, the variable bits in the vector 
are set to one. 

SYSTEM INTERFACE 

General 

The MPSC to Microprocessor System interface can 
be configured in many flexible ways. The basic inter- 
face types are polled, wait, interrupt driven, or direct 
memory access driven. 

Polled operation is accomplished by repetitively 
reading the status of the MPSC, and making deci- 
sions based on that status. The MPSC can be polled 
at any time. 

Wait operation allows slightly faster datathroughput 
for the MPSC by manipulating the Ready inputto the 
microprocessor. Block Read or Write Operations to 
the MPSC are started at will by the microprocessor 
and the MPSC deactivates its RDY signal if it is not 
yet ready to transmit the new byte, or if reception of 
new byte is not completed. 

Interrupt driven operation is accomplished via an 
internal or external interrupt controller. When the 
MPSC requires service, it sends an interrupt request 
signalto the microprocessor, which responds with 
an interrupt acknowledge signal. When the internal 
or external interrupt controller receives the ac- 
knowledge, it vectors the microprocessor to a ser- 
vice routine, in which the transaction occurs. 



DMA operation is accomplished via an external DMA 
controller. When the MPSC needs a data transfer, it 
request a DMA cycle from the DMA controller. The 
DMA controller then takes control of the bus and 
simultaneously does a read from the MPSC and a 
write to memory or vice-versa. 

The following section describes the many config- 
urations of these basic types of system interface 
techniques for both serial channels. 

Polled Operation: 

In the polled mode, the CPU must monitor the de- 
sired conditions within the MPSC by reading the ap- 
propriate bits in the read registers. All data available, 
status, and error conditions are represented by the 
appropriate bits in read registers and 1 for chan- 
nels A and B. 

There are two ways in which the software task of 
monitoring the status of the MPSC has been re- 
duced. One is the "ORing" of all conditions into the 
Interrupt Pending bit. (RRO; D1 channel A only). This 
bit is set when the MPSC requires service, allowing 
the CPU to monitor one bit instead of four status reg- 
isters. The other is available when the "status- 
affects-vector" mode is selected. By reading RR2 
Channel B, the CPU can read a vector who's value 
will indicate that one or more of group of conditions 
has occurred, narrowing the field of possible condi- 
tions. See WR2 and RR2 in the Detailed Command 
Description section. 

Software Flow, Polled Operation 




READ Rx DATA 



(TxBUFEMPTYK D 
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Hardware Configuration, Polled Operation 





I ADDRESS BUS 


T» h 


I 
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ft DATA BUS 
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WAIT OPERATION: 

Wait Operation is intended to facilitate data trans- 
mission or reception using block move operations. If 
a block of data is to be transmitted, for example, the 
CPU can execute a String I/O instruction to the 
MPSC. After writing the first byte, the CPU will at- 
tempt to write a second byte immediately as is the 
case of block move. The MPSC forces the RDY 
signal low which inserts wait states in the CPU's 
write cycle until the transmit buffer is ready to ac- 
cept a new byte. At that time, the RDY signal is high 
allowing the CPU to finish the write cycle. The CPU 
then attempts the third write and the process is 
repeated. 

Similar operation can be programmed for the re- 
ceiver. During initialization, wait on transmit (WR2; 
D5 = 0) or wait on receive (WR1 ; D5 = 1 ) can be 
selected. The wait operation can be enabled/ 
disabled by setting/resetting the Wait Enable Bit 
(WR1 ; D7). 

CAUTION: ANY CONDITION THAT CAN CAUSE THE 
TRANSMITTER TO STOP (EG, CTS GOES INAC- 
TIVE) OR THE RECEIVER TO STOP (EG, RX DATA 
STOPS) WILL CAUSE THE MPSC TO HANG THE 
CPU UP IN WAIT STATES UNTIL RESET. EXTREME 
CARE SHOULD BE TAKEN WHEN USING THIS FEA- 
TURE. 

INTERRUPT DRIVEN OPERATION: 

The MPSC can be programmed into several inter- 
rupt modes: Non-Vectored, 8085 vectored, and 
8088/86 vectored. In both vectored modes, multiple 
MPSC's can be daisy-chained. 

In the vectored mode, the MPSC responds to an 
interrupt acknowledge sequence by placing a call 
instruction (8085 mode) and interrupt vector (8085 



and 8088/86 mode) on the data bus. In the non- 
vectored mode, the MPSC does not respond to INTA 
sequences and must rely on an external interrupt 
controller such as the 8259A. 

The MPSC can be programmed to cause an interrupt 
due to up to 14 conditions in each channel. The 
status of these interrupt conditions is contained in 
Read Registers and 1. These 14 conditions are all 
directed to cause 3 different types of internal inter- 
rupt request for each channel: receive/interrupts, 
transmit interrupts and external/status interrupts (if 
enabled). 

This results in up to 6 internal interrupt request 
signals. The priority of those signals can be pro- 
grammed to one of two fixed modes: 

Highest Priority Lowest Priority 



RxA RxB TxA TxB ExTA 
RxA TxA RxB TxB ExTA 



ExTB 
ExTB 



The interrupt priority resolution works differently for 
vectored and non-vectored modes. 



PRIORITY RESOLUTION: VECTORED MODE 

Any interrupt condition can be accepted internally 
to the MPSC at any time, unless the MPSC's internal 
INTA signal is active, unless a higher priority inter- 
rupt is currently accepted, or if IPI is inactive (high). 
The MPSC's internal INTA is s et on the leading (fall- 
ing) edge of the first External INTA pulse and reset 
on th e trailing (rising) edge of the second External 
INTA pulse. After an interrupt is accepted intern ally, 
an External INT request is generated and the IPO 
goes inactive. fP(5 and TPl are used for daisy- 
chaining MPSC's together. 



8-210 



inteT 



8274 



IPIrUDMONARW 



Interrupt Condition Grouping 



INTERNAL INTERRUPT 
REQUEST 



RECEIVE CHARACTER. 
PARITY ERROR 



END OF FRAME (SDLC ONLY)- 
FIRST DATA CHARACTER - 



SPECIAL 

RECEIVE 

CONDITION 

INTERRUPT 



INTERRUPT ON ALL 
RECEIVE CHARACTERS 



RECEIVE 
INTERRUPT 



FIRST NON-SYNC CHARACTER (SYNC MODES)- 
VALID ADDRESS BYTE (SDLC ONLY) 



INTERRUPT ON FIRST 
R„ CHARACTER 



RD TRANSITION 


_ 


EXTERNAL/ 

STATUS 
INTERRUPT 


CTS TRANSITION 


? 


SYNC TRANSITION 


_ 


Tv UNDERRUN/FQM - 


RRFAK/ABORT nPTFirr 


^ 










TRANSMIT BUFFER EMPTY 


TRANSMIT 
INTERRUPT 








LOWER PRIORITY INTERRUPTS NOT ACCEPTED 



INTERRUPT 
(EXTERNAL) 






























Tnta 

(EXTERNAL) 


\ \ HIGHER 
\ X PRIORITY 






/ \ 


, /( 


HIGHER 
PRIORITY 








^ PRIORITY 


/ 








RESOLVED 




INTA 


y. 


/ 


NO INTERRUPTS 


>, 




(INTERNAL) 


\ INTERRUPTS ~*7 
\ ACCEPTED / 




ACCEPTED 


>L 


INTERRUPTS 
ACCEPTED 



















The MPSC's internal INTA is s et on the leading (fall- 
ing) edge of the first external INTA pulse, and reset 
on th e trailing (rising) edge of the second external 
INTA pulse. After an interrupt is accepted internally, 



an external INT r eque st is generated and IPO goes 
inactive (high). IPO and IPI are used for daisy- 
chaining MPSC's together. 
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In-Service Timing 



INTERNAL INTERRUPT 
ACCEPTED 



INTERRUPT 
(EXTERNAL) 



INTA 
(EXTERNAL) 



INTA 
(INTERNAL) 



IN-SERVICE 
(INTERNAL) 




Each of the six interrupt sources has an associated 
In-Service latch. After priority has been resolved, the 



highest priority In-Service latch is set. After the In- 
Service latch is set, the INT pin goes inactive (high). 
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EOI Command Timing 





SERVICE 
ROUTINE 








- 


INTERNAL INTERRUPT / 
ACCEPTED / 

IP? 






x 




/ 


\ 


— 


INTERRUPT \ 
(EXTERNAL) \ 






/ 






/ " 






— 






INTA \ / 
(EXTERNAL) \ / 


~A^ 










— 








INTA / 
(INTERNAL) / 


V 










~ 


IPO / 








IN-SERVICE 
(INTERNAL) 


LOWER 
PRIORITY 
INTERRUPTS 
ACCEPTED 


— 


_J ' 




\ >V^ 


EOI COMMAND 
(INTERNAL) 








— 




\ 


V 















Lower priority interrupts are not accepted internally 
while the In-Service latch is set. However, higher 
priority in terr upts are accepted internally and a new 
external INT request is generated. If the CPU re- 
sponds with a new INTA sequence, the MPSC will re- 
spond as before, suspending the lower priority 
interrupt. 



After the interrupt is serviced, the End-of-lnterrupt 
(EOI) command should be written to the MPSC. This 
command will cause an internal pulse that is used to 
reset the In-Service Latch which allows service for 
lower priority interrupts in the daisy-chain to re- 
sume, provided a new INTA sequence does not start 
for a higher priority interrupt (higher than the high- 
est under service). If therejs no interrupt pending in- 
ternally, the IPO follows IPI. 
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Non-Vectored Interrupt Timing 



LOWER PRIORITY INTERRUPTS NOT ACCEPTED - 





LOWER PRIORITY INTERRUPTS NOT ACCEPTED 




PRIORITY RESOLUTION: 
NON-VECTORED MODE 

In non-vectored mode, the MPSC does not respond 
to interrupt acknowledge sequences. The MPSC 
should be programmed to the Status-Affects- Vector 
mode, and the CPU should read RR2 (Ch. B) in its 
service routine to determine which interrupt re- 
quires service. 



In this case, the internal pointer being set to RR2 
provides the same function as the internal INTA 
signal in the vectored mode. It inhibits acceptance 
of any additional internal interrupts and its leading 
edge starts the interrupt priority resolution circuit. 
The interrupt priority resolution is ended by the lead- 
ing edge of the read signal used by the CPU to 
retrieve the modified vector. The leading edge of 
read sets the In-Service latch and forces the external 
INT output inactive (high). The internal pointer is 
reset to zero after the trailing edge of the read pulse. 
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INT 
INTA |Q. 



<~<J 



JT 



INTA 

•POlO- 



MPSC 
HIGHEST PRIORITY 



■C IPI 



INTA 

IPOlO- 



INTA 

ipoIO- 



MPSC 
LOWEST PRIORITY 



Note that if RR2 is specified but not read, no internal 
interrupts, regardless of priority, are accepted. 

DAISY CHAINING MPSC: 

In the vectored interrupt mode, multipl e MP SC's can 
be daisy-chained on the same INT, INTA signals. 
These signals, in conjunction with the IPI and IPO 
allow a daisy -chain- like interrupt resolution 
scheme. This scheme can be configured for either 
8085 or 8086/88 based system. 

In either mode,_the same hardware configuration is 
called for. The INT request lines are wire-OR'ed to- 
gether at the input of a T TL inv erter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained MPSC's. 

The MPSC drives fPO (Interrupt Priority Output) in- 
active (high) if IPI (Interrupt Priority Input) is inactive 
(high), or if the MPSC has an interrupt pending. 

The IPO of the highest priority MPSC is connected to 
the IPI of the next highest priority MPSC, and so on. 



If IPI is active (low), the MPSC knows that all higher 
priority MPSC's have no interrupts pending. The IPI 
pin of the highest priority MPSC is strapped active 
(low) to ensure that it always has priority over the 
rest. 

MPSC's Daisy-chained on an 8088/86 CPU should be 
programmed to the 8088/86 Interrupt mode (WR2; 
D4, D3 (Ch. A). MPSC's Daisy-chained on an 8085 
CPU should be programmed to 8085 interrupt mode 
1 if it is the highest priority MPSC. In this mode, the 
highest priority MPSC issues the CALL instruction 
during the first INTA cycle, and the interrupting 
MPSC provi des the interrupt vector during the fol- 
lowing INTA cycles. Lower priority MPSC's should 
be programmed to 8085 interrupt mode 2. 

MPSC's used alone in 8085 systems should be pro- 
grammed to 8085 mode 1 interrupt operation. 
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DMA Acknowledge Circuit 




DMA Timing 









A 


x_ 


v 


r 



DMA OPERATION 

Each MPSC can be programmed to utilize up to four 
DMA channels: Transmit Channel A, Receive Chan- 
nel A, Transmit Channel B, Receive Channel B. Each 
DMA Channel has an associated DMA Request line. 
Acknowledgement of a DMA cycle is done via nor- 
mal data read or write c ycles. This is accomplished 
by encoding the DACK signals to generate A , A 1t 
and CS signals, and_ multiplexing them with the 
normal A , A-,, and CS signals. 

PERMUTATIONS 

Channels A and B can be used with different system 
interface modes. In all cases it is impossible to poll 
the MPSC. The following table shows the possible 



permutations of interupt, wait, and DAM modes for 
channels A and B. Bits D 1 ,-D of WR2 Ch. A deter- 
mine these permutations. 



Permutation 

WR2 Ch. A 

DiD 


Channel A 


Channel B 





Wait 

Interrupt 

Polled 


Wait 

Interrupt 

Polled 


1 


DMA 
Polled 


Interrupt 
Polled 


1 


DMA 
Polled 


DMA 
Polled 



D1,D0= 1,1 is illegal. 
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8282 
01 DO 
STB 



01 DO 
STB 



. CLR D 

* 74LS74 " 

CLK 



-&o- 



->>— 



DOg-DO; 
8282 STB 
E Dl r DI 



XT 



TVW 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature 

Under Bias 0°C to +70°C 

Storage Temperature 

(Ceramic Package) -65°C to +150°C 

(Plastic Package) -40°C to + 125°C 

Voltage On Any Pin With 

Respect to Ground -0.5V to +7.0V 

Power Dissipation 1 .5W 



""NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = +5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V !H 


input High Voltage 


+ 2.0 


Vcc+0.5 


V 




v 0L 


Output Low Voltage 




+0.45 


V 


\qi= 2.0mA 


v oh 


Output High Voltage 


+ 2.4 




V 


l H = -200/uA 


■lL 


Input Leakage Current 




+ 10 


AiA 


V|N = V cc to0V 


»OL 


Output Leakage Current 




+ 10 


HA 


v OUT= v CC to0V 


'cc 


Vqc Supply Current 




180 


mA 





CAPACITANCE (T A = 25°C; v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


C IN 


Input Capacitance 




10 


PF 


f c = 1 MHz; 


CquT 


Output Capacitance 




15 


PF 


Unmeasured 


C l/0 


Input/Output Capacitance 




20 


PF 


pins returned 
to GND 
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A.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = +5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


*CY 


CLK Period 


250 


4000 


ns 




*CL 


CLK Low Time 


105 


2000 


ns 




tCH 


CLK High Time 


105 


2000 


ns 




*r 


CLK Rise Time 





30 


ns 




*f 


CLK Fall Time 





30 


ns 




*AR 


AO, A1 Setup to RD| 







ns 




*AD 


AO, A1 to Data Output Dlay 




200 


ns 


C L =150 pf 


*RA 


AO, A1 Hold After RD| 







ns 




tRD 


RD| to Data Output Delay 




200 


ns 


C L =150 pf 


*RR 


RD Pulse Width 


250 




ns 




*DF 


Output Float Delay 




120 


ns 




l AW 


CS, AO, A1 Setup to WR| 







ns 




*WA 


CS, AO, A1 Hold after WR| 







ns 




t W w 


WR Pulse Width 


250 




ns 




*DW 


Data Setup to WR| 




150 


ns 




l WD 


Data Hold After WR| 







ns 




*PI 


IPISetuptolNTAI 







ns 




*IP 


IPl Hold after iNTA| 







ns 




* 1 1 


fNTA Pulse Width 


250 




ns 




^APO 


INTAI to IPO Delay 




200 


ns 




tpipo 


TpT| to IPO Delay 




100 


ns 




*ID 


INTAI to Data Output Deay 




200 


ns 




tQQ 


RDorWRtoDRQj 




150 


ns 




*RV 


Recovery Time Between Controls 


300 




ns 




X CW 


CS, AO, A1 to RDY A or RDY B Delay 




120 


ns 




tpCY 


Data Clock Cycle 


400 




ns 




tpCL 


Data Clock Low Time 


180 




ns 




^CH 


Data Clock High Time 


180 




ns 




l TD 


TxC to TxD Delay 




300 


ns 




tos 


RxD Setup to RxC| 







ns 




*DH 


RxD Hold after RxCf 


140 




ns 




^TD 


txC to INT Delay 


4 


6 


tcy 




^RD 


RxC to INT Delay 


7 


10 


tcy 




tpL 




200 




ns 




CTS, CD, SYNDET Low Time 


tpH 


CTS, CD, SYNDET High Time 


200 




ns 




^PD 






500 


ns 




External INT from CTS, CD, SYNDET 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^> TEST POINTS <~ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC 0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



~1 
I 



C L = 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



CLOCK CYCLE 

CLK 










.# 








■* t CH ► 




c ~? 


> 


c 




t r 


t f 


^ -t CL - — *• 





READ CYCLE 





x 



K 





HIGH IMPEDANCE 
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WAVEFORMS (Continued) 



WRITE CYCLE 



X 




-*ww *" 




"* *DW ^\ *WD 



-t WA »> 




XL_K 



INTA CYCLE 


















Fnta 

NOTE1 

TPi 
NOTE 2 


^ 


\ 


/ 




\ 


^ 


/ 


c 








— •„— *. 




,_W ^ 




> 


/ 


£ 




l PI TO' *" 


* 






*"tp|PO-^ 




JPO 


\ 


■* *ID *" 




•« t DF ». 






\ 








X 




xT 




HIGH 
IMPEDANCE 


1 WKIK^ 










HIGH 
IMPEDANCE 



DMA CYCI F 








DRQ / 


N 


"T 




^ 


t 










C5, AO, A1 \. 


-7 


/ 


-*-»ar/<aw-^ 


s: 


V* W*WA— *■ 


RDORWR 


X 


/ 











NOTES: 

i. INTA signal acts as RD signal. 
2. IPI signal acts as CS signal. 
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WAVEFORMS (Continued) 



READ/WRITE CYCLE (SOFTWARE POLLED MODE) 






CS, AO, A1 


\ 


/ 


\ 










V 


RDORWR 


\ 


, / 


L 








, / 


V... 






.ov.o.^. - ^ 




RECEIVE DATA CYCLE 








~~ " ul,Y 




k 


RxD 

m 


■N. u t DCL 1- 


/ 


«« t DCH ► 


X 


•*— <DS— •" 


■^~»DH— ^ 






L 


-S 


K 
















s| 



OTHER TIMING 

CTS, CD, SYNOET 



** 
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PROGRAMMABLE CRT CONTROLLER 



■ Programmable Screen and Character 
Format 

■ 6 Independent Visual Field Attributes 

■ 11 Visual Character Attributes 
(Graphic Capability) 

■ Cursor Control (4 Types) 

■ Light Pen Detection and Registers 



e TM 



■ Fully MCS-80™ and MCS-85 
Compatible 

■ Dual Row Buffers 

■ Programmable DMA Burst Mode 

■ Single + 5V Supply 

■ 40-Pin Package 



The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


LC 3 
LC 2 
LC, 
LC 


1 
2 
3 
4 





Line Count: Output from the line count- 
er which is used to address the charac- 
ter generator for the line positions on the 
screen. 


DRQ 


5 





DMA Request: Output signal to the 
8257 DMA controller requesting a DMA 
cycle. 


DACK 


6 


I 


DMA Acknowledge: Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 


HRTC 


7 





Horizontal Retrace: Output signal 
which is active during the programmed 
horizontal retrace interval. During this 
period the VSP output is high and the 
LTEN output is low. 


VRTC 


8 





Vertical Retrace: Output signal which 
is active during the programmed 
vertical retrace interval. During this 
period the VSP output is high and the 
LTEN output is low. 


RD 


9 


I 


Read Input: A control signal to read 
registers. 


WR 


10 


I 


Write Input: A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 


LPEN 


11 


I 


Light Pen: Input signal from the ORT 
system signifying that a light pen signal 
has been detected. 


DB 
DB 1 
DB 2 
DB 3 
DB 4 
DB 5 
DB 6 
DB 7 


12 
13 
14 
15 
16 
17 
18 
19 


I/O 


Bi-Directional Three-State Data Bus 
Lines: The outputs are enabled during 
a read of the C or P ports. 


Ground 


20 




Ground. 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


40 




+5V Power Supply. 


LA 
LAi 


39 
38 





Line Attribute Codes: These attribute 
codes have to be decoded externally by 
the dot/timing logic to generate the 
horizontal and vertical line combina- 
tions for the graphic displays specified 
by the character attribute codes. 


LTEN 


37 





Light Enable: Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 


RW 


36 





Reverse Video: Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the posi- 
tions specified by the field attribute 
codes. 


VSP 


35 




Video Suppression: Output signal 

used to blank the video signal to the 

CRT. This output is active: 

— during the horizontal and vertical re- 
trace intervals. 

— at the top and bottom lines of rows if 
underline is programmed to be num- 
ber 8 or greater. 

— when an end of row or end of screen 
code is detected. 

—when a DMA underrun occurs. 

—at regular intervals (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for character and field attri- 
butes)— to create blinking displays as 
specified by cursor, character attri- 
bute, or field attribute programming. 


GPAt 
GPAq 


34 
33 





General Purpose Attribute Codes: 

Outputs which are enabled by the gen- 
eral purpose field attribute codes. 


HLGT 


32 





Highlight: Output signal used to inten- 
sify the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 


IRQ 


31 





Interrupt Request. 


CCLK 


30 


I 


Character Clock (from dot/timing logic). 


CC 6 

cc 5 

CC 4 
CC 3 
CC 2 
CCi 
CC 


29 
28 
27 
26 
25 
24 
23 





Character Codes: Output from the 
row buffers used for character selection 
in the character generator. 


CS 


22 


I 


Chip Select: The read and write are en- 
abled by CS. 


A 


21 


I 


Port Address: A high input on A 
selects the "C" port or command regis- 
ters and a low input selects the "P" 
port or parameter registers. 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8275 to the system Data Bus. 

This functional block accepts inputs from the System Con- 
trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats for the 
device functional definition. 
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RD (Read) 

A "low" on this input informs the 8275 that the CPU is 
reading data or status information from the 8275. 

WR (Write) 

A "low" on this input informs the 8275 that the CPU is 
writing data or control words to the 8275. 

CS (Chip Select) 

A "low" on this input selects the 8275. No reading or writ- 
ing will occur unless the device is selected. Whe n CS is high, 
the Data Bus in the float state and RD and WR will have no 
effect on the chip. 

DRQ (DMA Request) 

A "high" on this output informs the DMA Controller that 
the 8275 desires a DMA transfer. 



DACK (DMA Acknowledge) 

A "low" on this input informs the 8275 that a DMA cycle 
is in progress. 

IRQ (Interrupt Request) 

A "high" on this output informs the CPU that the 8275 
desires interrupt service. 
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Figure 3. 8275 Block Diagram Showing Data Bus 
Buffer and Read/Write Functions 
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Character Counter 

The Character Counter is a programmable counter that is 
used to determine the number of characters to be displayed 
per row and the length of the horizontal retrace interval. It 
is driven by the CCLK (Character Clock) input, which 
should be a derivative of the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 

Row Counter 

The Row Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace interval. 

Light Pen Registers 

The Light Pen Registers are two registers that store the con- 
tents of the character counter and the row counter when- 
ever there is a rising edge on the LPEN (Light Pen) input. 

Note: Software correction is required. 

Raster Timing and Video Controls 

The Raster Timing circuitry controls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs. The Video Control circuitry controls the genera- 
tion of LAo_i (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPA _i (General Purpose Attribute) outputs. 

Row Buffers 

The Row Buffers are two 80 character buffers. They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 
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Figure 4. 8275 Block Diagram Showing Counter 
and Register Functions 

FIFOs 

There are two 16 character FIFOs in the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 

Buffer Input/Output Controllers 

The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac- 
ter attribute, field attribute or special code, these con- 
trollers control the appropriate action. (Examples: An 
"End of Screen— Stop DMA" special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 



The 8275 is programmable to a large number of different 
display formats. It provides raster timing, display row buf- 
fering, visual attribute decoding, cursor timing, and light 
pen detection. 



It is designed to interface with the 8257 DMA Controller 
and standard character generator ROMs for dot matrix 
decoding. Dot level timing must be provided by external 
circuitry. 
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Figure 5. 8275 Systems Block Diagram Showing Systems Operation 
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General Systems Operational Description 



The 8275 provides a "window" 
system memory. 



into the microcomputer 



Display characters are retrieved from memory and dis- 
played on a row by row basis. The 8275 has two row buf- 
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro- 
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 

The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 

The 8275 displays character rows one line at a time. 



The number of lines per character row, the underline posi- 
tion, and blanking of top and bottom lines are program- 
mable. (See Programming Section.) 

The 8275 provides special Control Codes which can be used 
to minimize DMA or software overhead. It also provides 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 
(see Visual Attributes Section). 

The 8275 also controls raster timing. This is done by gen- 
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals is program- 
mable. 

The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 

The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 
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Seventh Line of a Character Row 



Figure 6. Display of a Character Row 
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Display Row Buffering 

Before the start of a frame, the 8275 requests DMA and 
one row buffer is filled with characters. 



After all the lines of the character row are scanned, the 
roles of the two row buffers are reversed and the same 
procedure is followed for the next row. 
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Figure 7. First Row Buffer Filled 

When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA begins filling the other 
row buffer with the next row of characters. 
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Figure 9. First Buffer Filled with Third Row, 
Second Row Displayed 

This is repeated until all of the character rows are dis- 
played. 



Figure 8. Second Buffer Filled, First Row 
Displayed 
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Display Format 



Screen Format 



The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 




Figure 10. Screen Format 



The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 



Row Format 

The 8275 is designed to hold the line count stable while 
outputting the appropriate character codes during each 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 

The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 

The output of the line counter can be programmed to be in 
one of two modes. 

In mode 0, the output of the line counter is the same as the 
\'me number. 

In mode 1, the line counter is offset by one from the line 
number. 

Note: In mode 1, while the first line (line number 0) is being dis- 
played, the last count is output by the line counter (see 
examples). 
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Figure 12. Example of a 16-Line Format 




Figure 11. Blank Alternate Rows Mode 
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Figure 13. Example of a 10-Line Format 



Mode is useful for character generators that leave address 
zero blank and start at address 1. Mode 1 is useful for char- 
acter generators which start at address zero. 
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Underline placement is also programmable (from line num- 
ber to 15). This is independent of the line counter mode. 

If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 
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Figure 14. Underline in Line Number 10 



If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. 
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Figure 15. Underline in Line Number 7 



If the line number of the underline is greater than the maxi- 
mum number of lines, the underline will not appear. 

Blanking is accomplished by the VSP (Video Suppression) 
signal. Underline is accomplished by the LTEN (Light 
Enable) signal. 



Dot Format 

Dot width and character width are dependent upon the 
external timing and control circuitry. 

Dot level timing circuitry should be designed to accept the 
parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 




H>- 



SYNCHRONIZER 



pD~ 



Figure 16. Typical Dot Level Block Diagram 



Dot width is a function of dot clock frequency. 

Character width is a function of the character generator 
width. 

Horizontal character spacing is a function of the shift 
register length. 

Note: Video control and timing signals must be synchronized with 
the video signal due to the character generator access delay. 
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Raster Timing 

The character counter is driven by the character clock input 
(CCLK). It Counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it starts counting out the hori- 
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 



The row counter is an internal counter driven by the line 
counter. It controls the functions of the row buffers and 
counts the number of character rows displayed. 




PRESENT LINE COUNT 




Figure 17. Line Timing 



The line counter is driven by the character counter. It is 
used to generate the line address outputs (LC 03 ) for the 
character generator. After it counts all of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For- 
mat Section for detailed description of Line Counter 
functions.) 



ONE CHARACTER ROW 




3CZ)C 



^■*y PRESENT ROW^-*^ 




PROGRAMMABLE 1 TO 16 
LINE COUNTS 



Figure 18. Row Timing 

After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts counting out the 
vertical retrace interval (programmable from 1 to 4). 



INTERNAL 
ROW COUNTER 



dooooooooc 

FIRST " LAST FIRST " LAST 

DISPLAY DISPLAY RETRACE RETRACE 

ROW ROW ROW ROW 



Figure 19. Frame Timing 



The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these outputs 
with the vicjeo signal to the CRT Display. 
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DMA Timing 

The 8275 can be programmed to request burst DMA trans- 
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from to 55 character clock periods ±1). 
This allows the user to tailor his DMA overhead to fit his 
system needs. 



Interrupt Timing 

The 8275 can be programmed to generate an interrupt 
request at the end of each frame. This can be used to 
reinitialize the DMA controller. If the 8275 interrupt 
enable flag is set, an interrupt request will occur at the 
beginning of the last display row. 



The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filled. 

The first DMA request for a row will start at the first char- 
acter clock of the preceding row. If the burst mode is used, 
the first DMA request may occur a number of character 
clocks later. This number is equal to the programmed burst 
space. 

If, for any reason, there is a DMA underrun, a flag in the 
status word will be set. 



izooqooc 



/ 



Figure 21. Beginning of Interrupt Request 



IRQ will go inactive after the status register is read. 
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Figure 22. End of Interrupt Request 



Figure 20. DMA Timing 



The DMA controller is typically initialized for the next 
frame at the end of the current frame. 



A reset command will also cause IRQ to go inactive, but 
this is not recommended during normal service. 

Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 

Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 
As a result, the user's cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 



8-233 



MeT 



8275 



VISUAL ATTRIBUTES AND SPECIAL 
CODES 



The characters processed by the 8275 are 8-bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB = 1). 

There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 



Character Attribute Codes 

Character attribute codes are codes that can be used to gen- 
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LA _i), the Video Suppression 
output (VSP), and the Light Enable output. The dot level 
timing circuitry can use these signals to generate the proper 
symbols. 

Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 

Character Attributes 



MSB 
1 1 



LSB 
B H 



L 



HIGHLIGHT 

BLINK 

CHARACTER ATTRIBUTE CODE 



HORIZ. RIGHT 



LTEN 
HGLT 



CHARACTER 
GENERATOR 

ROM 

2716 



r=o 



=o 



=L> 



=E> 



=L> 



■=0 



=L> 



L>- 



ft TO 



■^ 










"- HORIZ. LEFT HALF 



H>- 



Figure 23. Typical Character Attribute Logic 
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Table 2. Character Attributes 

Character attributes were designed to produce the following graphics: 


CHARACTER ATTRIBUTE 
CODE "CCCC" 


OUTPUTS 


SYMBOL 


DESCRIPTION 


LA 1 


LA 


VSP 


LTEN 


0000 


Above Underline 








1 





v/tefe 


Top Left Corner 


Underline 


1 











Below Underline 





1 








0001 


Above Underline 








1 





_-••;,. 


Top Right Corner 


Underline 


1 


1 








Below Underline 





1 








0010 


Above Underline 





1 








--<m 


Bottom Left Corner 


Underline 


1 











Below Underline 








1 





0011 


Above Underline 





1 








^Sil< 


Bottom Right Corner 


Underline 


1 


1 








Below Underline 








1 





0100 


Above Underline 








1 







Top Intersect 


Underline 











1 


■:-T\. 


Below Underline 





1 








0101 


Above Underline 





1 












Right Intersect 


Underline 


1 


1 








Below Underline 





1 












0110 


Above Underline 





1 








4- 


Left Intersect 


Underline 


1 











Below Underline 





1 








0111 


Above Underline 





1 








i 


Bottom Intersect 


Underline 











1 


Below Underline 








1 





1000 


Above Underline 








1 





'* .' ; - : 


Horizontal Line 


Underline 











1 




Below Underline 








1 





1001 


Above Underline 





1 












Vertical Line 


Underline 





1 








Below Underline 





1 












1010 


Above Underline 





1 












Crossed Lines 


Underline 











1 






Below Underline 





1 












1011 


Above Underline 
















Not Recommended * 


Underline 














Below Underline 














1100 


Above Underline 








1 







Special Codes 


Underline 








1 





Below Underline 








1 





1101 


Above Underline 












Illegal 


Underline 




Undefined 




Below Underline 




I 




1110 


Above Underline 




I 






Illegal 


Underline 




Undefined 




Below Underline 




I 




1111 


Above Underline 




| 






Illegal 


Underline 




Undefined 




Below Underline 




| 









*Character Attribute Code 1011 is not recommended for 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. 



Character Attribute Codes 1101, 1110, and 11 11 are illegal. 
Blinking is active when B = 1. 
Highlight is active when H = 1. 
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Special Codes 

Four special codes are available to help reduce memory, 
software, or DMA overhead. 

Special Control Character 



MSB 
1111 



LSB 
S S 



-SPECIAL CONTROL CODE 



S S 





1 

1 

1 1 



FUNCTION 



End of Row 

End of Row-Stop DMA 

End of Screen 

End of Screen-Stop DMA 



The End of Row Code (00) activates VSP and holds it to 
the end of the line. 

The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
sajne way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 

The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 

If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of Screen character are ignored. 



Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dummy character must be placed in 
memory after the Stop DMA character. 



character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertical retrace interval. 

There are six field attributes: 

1. Blink — Characters following the code are caused 
to blink by activating the Video Suppression out- 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 

3. Reverse Video - Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

5,6. General Purpose - There are two additional 8275 
outputs which act as general purpose, independ- 
ently programmable field attributes 
active high outputs. 

Field Attribute Code 



GPA Q _ 1 are 



MSB 
1 O 



U R G G 



LSB 
B H 



T_ 



-HIGHLIGHT 

-BLINK 

-GENERAL PURPOSE 

-REVERSE VIDEO 

-UNDERLINE 



H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA 1f GPA 



Field Attributes 

The field attributes are control codes which affect the 
visual characteristics for a field of characters, starting at the 



*More than one attribute can be enabled at the same time. 
If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will blink. 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 

If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this blanked character. 











ABCDE FGHIJKLM 
NOP QRSTUV 














12345 6789 









Each row buffer has a corresponding FIFO. These FIFOs 
are 16 characters by 7 bits in size. 

When a field attribute is placed in the row buffer during 
DMA, the buffer input controller recognizes it and places 
the next character in the proper FIFO. 

When a field attribute is placed in the Buffer Output Con- 
troller during display, it causes the controller to immedi- 
ately put a character from the FIFO on the Character Code 
outputs (CCo-6). The chosen Visual Attributes are also 
activated. 

Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 

Note: Since the FIFO is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code must not immediately follow a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 



Figure 24. Example of the Visible Field Attribute 
Mode (Underline Attribute) 



If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 
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Figure 25. Block Diagram Showing FIFO 
Activation 











ABCDEFGHI J KLM 
NOP QRSTUV 














123456789 









Figure 26. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 



Field and Character Attribute Interaction 

Character Attribute Symbols are affected by the Reverse 
Video (RVV) and General Purpose (GPA0-1) field attri- 
butes. They are not affected by Underline, Blink or High- 
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 

The cursor location is determined by a cursor row register 
and a character position register which are loaded by com- 
mand to the controller. The cursor can be programmed to 
appear on the display as: 

1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16. 

If a non-blinking reverse video cursor appears in a non- 
blinking reverse video field, the cursor will appear as a 
normal video block. 

If a non-blinking underline cursor appears in a non-blinking 
underline field, the cursor will not be visible. 

Light Pen Detection 

A light pen consists of a micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 

If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a to 1 transition for proper operation. 

Note: Due to internal and external delays, the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. 



Device Programming 

The 8275 has two programming registers, the Command 
Register (CREG) and the Parameter Register (PREG). It 
also has a Status Register (SREG). The Command Register 
can only be written into and the Status Registers can only 
be read from. They are addressed as follows: 



A 


OPERATION 


REGISTER 





Read 


PREG 





Write 


PREG 


1 


Read 


SREG 


1 


Write 


CREG 



The 8275 expects to receive a command and a sequence 
of to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 

Instruction Set 

The 8275 instruction set consists of 8 commands. 



COMMAND 


NO. OF PARAMETER BYTES 


Reset 


4 


Start Display 





Stop Display 





Read Light Pen 


2 


Load Cursor 


2 


Enable Interrupt 





Disable Interrupt 





Preset Counters 






In addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 
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1. Reset Command: 





OPERATION 


A 


DESCRIPTION 


MSB 


DATA BUS 

LSB 


Command 


Write 


1 


Reset Command 










Write 





Screen Comp 
Byte 1 


S H 


H H H H H H 


Parameters 


Write 





Screen Comp 
Byte 2 


V V 


R R R R R R 


Write 





Screen Comp 
Byte 3 


U U 


U U L L L L 




Write 





Screen Comp 
..Byte 4 


M F 


c c z z z z 



Action — After the reset command is written, DMA re- 
quests stop, 8275 interrupts are disabled, and the VSP 
output is used to blank the screen. HRTC and VRTC con- 
tinue to run. HRTC and VRTC timing are random on 
power- up. 

As parameters are written, the screen composition is 
defined. 



Parameter - S Spaced Rows 



s 


FUNCTIONS 




1 


Normal Rows 
Spaced Rows 



Parameter - HHHHHHH Horizontal Characters/Row 













NO. 


OF CHARACTERS 


H 


H 


H 


H 


H H H 




PER ROW 



















1 














1 




2 














1 




3 



1111 





80 
Undefined 



Parameter — UUUU Underline Placement 



u 


u 


u 


u 


LINE NUMBER OF 
UNDERLINE 















1 




1 




1 
2 
3 



1111 



16 



Parameter — LLLL Number of Lines per Character Row 



L L L L 




1 
10 



1111 



NO. OF LINES/ROW 



16 



Parameter - 
M 



M Line Counter Mode 
LINE COUNTER MODE 



Mode (Non-Offset) 
Mode 1 (Offset by 1 Count) 



Parameter — F Field Attribute Mode 

F FIELD ATTRIBUTE MODE 



Transparent 
Non-Transparent 



Parameter - VV Vertical Retrace Row Count 



V 


V 


NO. OF ROW COUNTS PER VRTC 








1 





1 


2 


1 





3 


1 


1 


4 



Parameter - RRRRRR Vertical Rows/Frame 

R R R R R R NO. OF ROWS/FRAME 



Parameter — CC 
C C 





1 

1 

1 1 



Cursor Format 

CURSOR FORMAT 



Blinking reverse video block 
Blinking underline 
Nonblinking reverse video block 
Nonbl inking underling 



Parameter — ZZZZ Horizontal Retrace Count 



z z z z 




1 
10 



NO. OF CHARACTER 
COUNTS PER HRTC 



32 



11111 



Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, = not blanked). 
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2. Start Display Command: 



5. Load Cursor Position: 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


1 S S S B B 


No parameters 









SSS BURST SPACE CODE 



s 


s 


s 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 






















1 




7 





1 







15 





1 


1 




23 


1 










31 


1 





1 




39 


1 
1 


1 
1 




1 




47 
55 



B B BURST COUNT CODE 







NO. 


OF DMA CYCLES PER 


B 


B 




BURST 










1 





1 




2 


1 


o 




A 


1 


1 




8 



Action — 8275 interrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable and Video Enable status 
flags are set. 

3. Stop Display Command: 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Stop Display 


10 


No parameters 









Action - Disables video, interrupts remain enabled, HRTC 
and VRTC continue to run, Video Enable status flag is 
reset, and the "Start Display" command must be given to 
re-enable the display. 

4. Read Light Pen Command 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Read Light Pen 


1 10 


Parameters 


Read 
Read 






Char. Number 
Row Number 


(Char. Position in Row) 
(Row Number) 



Action — The 8275 is conditioned to supply the contents 
of the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not af- 
fected. 

Note: Software correction of light pen position is required. 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Load Cursor 


1 0* 


Parameters 


Write 
Write 






Char. Number 
Row Number 


(Char. Position in Row) 
(Row Number) 



Action — The 8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. Status 
flags not affected. 



6. Enable Interrupt Command: 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


1 10 


No parameters 









Action — The interrupt enable status flag is set and inter- 
rupts are enabled. 



7. Disable Interrupt Command: 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Disable Interrupt 


1 1 


No parameters 









Action — Interrupts are disabled and the interrupt enable 
status flag is reset. 



8. Preset Counters Command : 





OPERATION 


A 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Preset Counters 


1 1 10 


No parameters 









Action — The internal timing counters are preset, corre- 
sponding to a screen display position at the top left comer. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 

This command is useful for system debug and synchroniza- 
tion of clustered CRT displays on a single CPU. 
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Status 


Flags 

OPERATION 


AO 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Read 


1 


Status Word 


IE IR LPICVEOU FO 



IE — (Interrupt Enable) Set or reset by command. It 
enables vertical retrace interrupt. It is auto- 
matically set by a "Start Display" command 
and reset with the "Reset" command. 



IR - 



LP 



(Interrupt Request) This flag is set at the begin- 
ning of display of the last row of the frame if 
the interrupt enable flag is set. It is reset after 
a status read operation. 

This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This flag is automatically reset after a 
status read. 



IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 

VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

DU — (DMA Underrun) This flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status read. 

FO — (FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 



D.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = 5V ±5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V, H 


Input High Voltage 


2.0 


V CC +0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


I O h = -400mA 


IlL 


Input Load Current 




±10 


M A 


V|n= VcctoOV 


'OFL 


Output Float Leakage 




±10 


ma 


VoUT= VcctoOV 


ice 


Vcc Supply Current 




160 


mA 




CAPACIT 


ANCE (T A = 25°C, V cc = GND 


= 0V) 








Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


C|N 


Input Capacitance 




10 


pF 


f c = 1 MHz 


Ci/o 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to Vss- 



A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5.ov ±5%, gnd = ov) 
Bus Parameters 

READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


*AR 


Address Stable Before READ 







ns 




*RA 


Address Hold Time for READ 







ns 




tRR 


READ Pulse Width 


250 




ns 




*RD 


Data Delay from READ 




200 


ns 


|C L =150pF 


tDF 


READ to Data Floating 


20 


100 


ns 


C L min. = 20 pF; C L max. = 150 pF 


WRITE CYCLE 


Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


*AW 


Address Stable Before WRITE 







ns 




tWA 


Address Hold Time for WRITE 







ns 




tww 


WRITE Pulse Width 


250 




ns 




*DW 


Data Setup Time for WR ITE 


150 




ns 




tWD 


Data Hold Time for WRITE 







ns 




CLOCK TIMING 


Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tCLK 


Clock Period 


480 




ns 




tKH 


Clock High 


240 




ns 




tKL 


Clock Low 


160 




ns 




*KR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 


ns 
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A.C. CHARACTERISTICS (Continued) 

OTHER TIMING 


Symbol 


Parameter 


Mln. 


Max. 


Units 


Test Conditions 


tec 


Character Code Output Delay 




150 


ns 


C L =50pF 


*HR 


Horizontal Retrace Output Delay 




200 


ns 


C L =50pF 


tLC 


Line Count Output Delay 




400 


ns 


C L =50pF 


tAT 


Control /Attribute Output Delay 




275 


ns 


C L =50pF 


tVR 


Vertical Retrace Output Delay 




275 


ns 


C L =50pF 


tRI 


IRQ! from RDt 




250 


ns 


C L =50pF 


tWQ 


DRQtfromWRt 




250 


ns 


C L =50pF 


tRQ 


DRCHfromWRI 




200 


ns 


C L =50pF 


tLR 


DACiatoWRI 







ns 




tRL 


WRttoDACKt 







ns 




tpR 


LPEN Rise 




50 


ns 




tpH 


LPEN Hold 


100 




ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^> TEST POINTS <^ 




A.C. TESTING LOAD CIRCUIT 



AC. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 











DEVICE 
UNDER 
TEST 




~t 







WAVEFORMS 



TYPICAL DOT LEVEL TIMING 



EXT DOT CLK 



•1 



CCq-6 



X 



FIRST CHARACTER CODE 



X 



SECOND CHARACTER CODE 



X 



- ROM ACCESS- 



CHARACTER 

GENERATOR 

OUTPUT 






x 



FIRST CHARACTER 



X 



SECOND CHARACTER 



ATTRIBUTES & CONTROLS FOR FIRST CHAR. 



SHIFT REGISTER SETUP- 



X 



xz 



VIDEO 

(FROM SHIFT 

REGISTER) 



ATTRIBUTES 

& CONTROLS 

(FROM 

SYNCHRONIZER) 



DCXXXXXXXXXXXX 



X 



FIRST CHARACTER 



ATTRIBUTES & CONTROLS FOR FIRST CHAR. 



X 



SECOND CHARACTER 

ATTRIBUTES & CONTROLS 
FOR 2ND CHAR. 



•CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 
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WAVEFORMS (Continued) 



LINE TIMING 



\-t FIRST \/ SECOND \/^ ''\/ 
)( DISPLAY Y DISPLAY Y Y 

/ tCHARACTER/X CHARACTER /\ m / \( 



VIDEO 

CONTROLS 

AND ATTRIBUTES* 



1 



LAST 

DISPLAY 

CHARACTER 1 



-PROGRAMMABLE FROM 1 TO 80 CHARACTERS - 



FIRST \T 
RETRACE Y 
CHARACTER / \ 



/ 



-PROGRAMMABLE FROM 



X 



LAST 

RETRACE 

CHARACTER 



tHR-* 
2 TO 32 CCLKS - 



x: 



V 



PRESENT LINE COUNT 



NEXT LINE COUNT 




)CDczx 



*LA _1, VSP, LTEN, HGLT, RVV, GPA _1 



Y 



ROW TIMING 




X FIRST LINE V SEC0ND LINE V N/u 

COUNT ^ COUNT /\ ^ ^J\j_ 



X 



INTERNAL 

ROW LAST ROW 
COUNTER 



X 



-PROGRAMMABLE FROM 1 TO 16 LINES- 



PRESENT ROW 



y. 



FRAME TIMING 



INTERNAL 
ROW 
COUNTER _ 



\I FIRST \/ SECOND \/ ^ ^~~W LAST \/ FIRST \/"""^^"~\/ LAST \/ 
X DISPLAY Y DISPLAY Y Y DISPLAY Y RETRACE Y Y RETRACE Y 

A. row A qpyy A S) A row A row A lh 7\ row A 



DISPLAY 
£<2W_ 



-PROGRAMMABLE FROM 1 TO 64 ROWS - 



FIRST 
[ RETRACE } 



LAST 
[ RETRACE ] 



7 



■ *VR 

__ PROGRAMMABLE FROM_ 
1 TO 4 ROWS 



\ 
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WAVEFORMS (Continued) 












INTERRUPT TIMING 


f 


\ 

CCLK 




A 

CS" 




CCo - LAST RETRACE 
u-e CHARACTER 


V FIRST RETRACE 
^ CHARACTER 




RD 




LCo_3 FIRST LIN 


E COUNT 


/ 






\ 


'■ * 


HRTC 


r-^Ri— • 


- 


IRQ 


N 




INTERNAL 

ROW LAST DIS 
COUNTER 


LAY ROW 




IRQ *" 


/ 


*• *IR 


'- 













DMA TIMING 

CCLK 


tKQ 














drq y 


[ 


\ 




- 

/ 

tWQ 




\ 


tRQ 


- 


DACK 


\ 


k 


r 


*t|_R*» 


- — tww +■ 

\ 1 


♦tRLH 




, r~ 


WR 


1 


' 


! ^ 










LPEN jj 




\ 










*PR +■ 
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8275 



WRITE TIMING 



Ao.CS INVALID' 

r AW 

WR 



\ 



DB _7 INVALID 



X 



"•-tWA* 



)C 



X 



CLOCK TIMING 



/v 



READ TIMING 



\ f 



X 



DATA VALID 



% IMPEDANCE"? 



8-246 



iny 



^ILDIMIDMAW 



8276 
SMALL SYSTEM CRT CONTROLLER 



■ Programmable Screen and Character 
Format 



■ 6 Independent Visual Field Attributes 



■ Cursor Control (4 Types) 



■ MCS-51®, MCS-85®, iAPX 86, and 
iAPX 88 Compatible 

■ Dual Row Buffers 

■ Single +5V Supply 

■ 40-Pin Package 



The Intel 8276 Small System CRT Controller is a single chip device intended to interface CRT raster scan dis- 
plays with Intel microcomputers in minimum device-count systems. Its primary function is to refresh the dis- 
play by buffering character information from main memory and keeping track of the display position of the 
screen. The flexibility designed into the 8276 will allow simple interface to almost any raster scan CRT display 
with a minimum system IC count. 



. . DATA A _ A 

'CD BUS C3 

BUFFER 



BRDY- 
BS- 



RD- 
WR- 
C/P- 



READ/ 

WRITE/ 

CONTROL 

LOGIC 



C3 



CO 



XI 



CHARACTER 
COUNTER 



ROW BUFFERS 



imr 



BUFFER 
INPUT 
CONTROL- 
LER 



BUFFER 
OUTPUT 
CONTROL- 
LER 



ROW 
COUNTER 



C3 



RASTER TIMING 

AND 
VIDEO CONTROL 



> cc _, 



> LCo- ; 



HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 
> GPA0-1 



LC 3 C 


1 v 


^ 40 


D v cc 


LC 2 C 


2 


39 


DNC 


LCiC 




38 


Dnc 


LC C 


4 


37 


Dlten 


brdyC 


5 


36 


DRW 


BSC 


6 


35 


D vsp 


HRTCC 




34 


DGPA-, 


VRTC C 


8 


33 


Dgpaq 


RDC 


9 


32 


Dhlgt 


WRC 


10 8276 31 


Dint 


NC C 


11 


30 


Dcclk 


DBqC 


12 


29 


Dcc 6 


d*i C 


13 


28 


Dcc 5 


DB 2 C 


14 


27 


Dcc 4 


DB 3 C 


15 


26 


3cc 3 


DB 4 C 


16 


25 


Dcc 2 


DB 5 C 


17 


24 


Dcc 1 


DB 6 C 


18 


23 


Dcc 


DB 7 C 


19 


22 


Dcs 


gndC 


20 


21 


Dc/p 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


LC 3 
LC 2 
LCt 
LC 


1 
2 
3 
4 





Line count. Output from the line count- 
er which is used to address the charac- 
ter generator for the line positions on 
the screen. 


BRDY 


5 





Buffer ready. Output signal indicating 
that a Row Buffer is ready for loading of 
character data. 


BS 


6 


I 


Buffer select. Input signal enabling 
WR for character data into the Row 
Buffers. 


HRTC 


7 





Horizontal retrace. Output signal 
which is active during the programmed 
horizontal retrace interval. During this 
period the VSP output i\high and the 
LTEN output is low. 


VRTC 


8 





Vertical retrace/ Output signal which 
is active during the programmed verti- 
cal retrace interval. During this period 
the VSP output is high and the LTEN 
output is low. 


RD 


9 


I 


Read input. A control signal to read 
registers. 


WR 


10 


I 


Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers. 


NC 


11 




No connection. 


DB 
DB 1 
DB 2 
DB 3 
DB 4 
DB 5 
DB 6 
DB 7 


12 
13 
14 
15 
16 
17 
18 
19 


I/O 


Bidirectional data bus. Three-state 
lines. The outputs are enabled during a 
read of the C or P ports. 


Ground 


20 




Ground. 



Symbol 


Pin 
No. 


Type 


Name and Function 


v C c 


40 




+5V power supply. 


NC 


39 




No connection. 


NC 


38 




No connection. 


LTEN 


37 





Light enable. Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 


RVV 


36 





Reverse video. Output signal used to 
activate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the posi- 
tions specified by the field attribute 
codes. 


VSP 


35 





Video suppression. Output signal 
used to blank the video signal to the 
CRT. This, output is active: 

— during the horizontal and vertical re- 
trace intervals. 

— at the top and bottom lines of rows if 
underline is programmed to be num- 
ber 8 or greater. 

— when an end of row or end of screen 
code is detected. 

— when a Row Buffer underrun occurs. 

— at regular intervals (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for attributes) — to create 
blinking displays as specified by 
cursor or field attribute programming. 


GPAt 
GPAq 


34 
33 





General purpose attribute codes. - 

Outputs which are enabled by the gen- 
eral purpose field attribute codes. 


HLGT 


32 





Highlight. Output signal used to inten- 
sify the display at particular positions 
on the screen as specified by the field 
attribute codes. 


INT 


31 





Interrupt output. 


CCLK 


30 


I 


Character clock (from dot/timing 
logic). 


CC 6 

cc 5 

CC 4 
CC 3 
CC 2 

CCt 

CC 


29 
28 
27 
26 
25 
24 
23 





Character codes. Output from the 
row buffers used for character selec- 
tion in the character generator. 


CS 


22 


I 


Chip select. Enables RD of status or 
WR of command or parameters. 


C/ P 


21 


I 


Port address. A high input on this pin 
selects the "C" port or command regis- 
ters and a low input selects the "P" port 
or parameter registers. 



8-248 



inteT 



8276 



(pkiumimow 



FUNCTIONAL DESCRIPTION 



Character Counter 



Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to 
interface the 8276 to the system Data Bus. 

This functional block accepts inputs from the Sys- 
tem Control Bus and generates control signals for 
overall device operation. It contains the Command, 
Parameter, and Status Registers that store the vari- 
ous control formats for the device functional 
definition. 



C/P 


OPERATION 


REGISTER 





Read 


RESERVED 





Write 


PARAMETER 


1 


Read 


STATUS 


1 


Write 


COMMAND 



RD (READ) 

A "low" on this input informs the 8276 that the CPU 
is reading status information from the 8276. 

WR (WRITE) 

A "low" on this input informs the 8276 that the CPU 
is writing data or control words to the 8276. 

CS (CHIP SELECT) 

A "low" on this input selects the 8276 for RD or WR 
of Commands, Status, and Parameters. 

BRDY (BUFFER READY) 

A "high" on this output indicates that the 8276 is 
ready to receive character data. 

BS (BUFFER SELECT) 

A "low" on this input enables WR of character data 
to the 8276 row buffers. 

INT (INTERRUPT) 

A "high" on this output informs the CPU that the 
8276 needs interrupt service. 

C/P RD WR CS BS 









1 





1 


Reserved 





1 








1 


Write 8276 Parameter 


1 





1 





1 


Read 8276 Status 


1 


1 








1 


Write 8276 Command 


X 


1 





1 





Write 8276 Row Buffer 


X 


1 


1 


X 


X 


High Impedance 


X 


X 


X 


1 


1 


High Impedance 



The Character Counter is a programmable counter 
that is used to determine the number of characters 
to be displayed per row and the length of the hori- 
zontal retrace interval. It is driven by the CCLK 
(Character Clock) input, which should be derived 
from the external dot clock. 



Line Counter 

The Line Counter is a programmable counter that is 
used to determine the number of horizontal lines 
(Raster Scans) per character row. Its outputs are 
used to address the external character generator. 



Row Counter 

The Row Counter is a programmable counter that is 
used to determine the number of character rows to 
be displayed per frame and length of the vertical re- 
trace interval. 



Raster Timing and Video Controls 

The Raster Timing circuitry controls the timing of 
the HRTC (Horizontal Retrace) and VRTC (Vertical 
Retrace) outputs. The Video Control circuitry con- 
trols the generation of HGLT (Highlight), RVV (Re- 
verse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAq-1 (General Purpose Attribute) 
outputs. 



Row Buffers 

The Row Buffers are two 80-character buffers. They 
are filled from the microcomputer system memory 
with the character codes to be displayed. While one 
row buffer is displaying a row of characters, the 
other is being filled with the next row of characters. 



Buffer Input/Output Controllers 

The Buffer Input/Output Controllers decode the 
characters being placed in the row buffers. If the 
character is a field attribute or special code, they 
control the appropriate action. (Example: A "High- 
light" field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 

The 8276 is programmable to a large number of dif- 
ferent display formats. It provides raster timing, dis- 
play row buffering, visual attribute decoding and 
cursor timing. 

It is designed to interface with standard character 
generators for dot matrix decoding. Dot level timing 
must be provided by external circuitry. 



General Systems Operational Description 

Display characters are retrieved from memory and 
displayed on a row-by-row basis. The 8276 has two 
row buffers. While one row buffer is being used for 
display, the other is being filled with the next row of 
characters to be displayed. The number of display 
characters per row and the number of character 
rows per frame are software programmable, provid- 
ing easy interface to most CRT displays. (See Pro- 
gramming Section.) 



The 8276 uses BRDY to request character data to fill 
the row buffer that is not being used for display. 

The 8276 displays character rows one scan line at a 
time. The number of scan lines per character row, 
the underline position, and blanking of top and bot- 
tom lines are programmable. (See Programming 
Section.) 

The 8276 provides special Control Codes which can 
be used to minimize overhead. It also provides Vis- 
ual Attribute Codes to cause special action on the 
screen without the use of the character generator. 
(See Visual Attributes Section.) 

The 8276 also controls raster timing. This is done by 
generating Horizontal Retrace (HRTC) and Vertical 
Retrace (VRTC) signals. The timing of these signals 
is also programmable. 

The 8276 can generate a cursor. Cursor location and 
format are programmable. (See Programming 
Section.) 



8088 
MICRO- 
PROCESSOR 



8276 

CRT 

CONTROLLER 



E___3I 



„ GENERATOR 
-K (ROM OR 

, DA tit 



VIDEO CONTROLS 



HIGH 
SPEED 

DOT 

TIMING 

LOGIC 

AND 

INTERFACE 



HORIZONTAL SYNC 



VIDEO SIGNAL 



VERTICAL SYNC 



SYSTEM BUS 



^2L 



8253-5 

COUNTER/ 

TIMER 



"V 



TT 

SERIAL 

COMMUNICATIONS 

CHANNEL 



PROGRAM/ 
DISPLAY 
MEMORY 



8255A-5 
KEYBOARD 
CONTROLLER 



IE 



Figure 3. CRT System Block Diagram 
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1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



■DDDiDDDDIDDIIIIIDDODDDDDDIIilDDDDI 

First Line of a Character Row 



IDDDIDDDID 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



DDIIIiaDDIDDDDIDDIIIIIDDDDODDaDIIIIDDDDIIIDDaiDDDID 
DIDDDDIDDIIDDDinDIDDDDDDDDDaDaDIDDDiDDiDDDiDDlDDain 



Second Line of a Character Row 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 



DDIIIIDDDIDDDOIDDIIIIIDDDDDDDDDIIIIDDaDIIIDaDIDaDID 
DiDDDDiDDIIDDDIDDIDDDDDDaDDDDDDIDDDiDaiDDaiaDIDDDID 
DIDDDDiaDiaDDDIDDiaDDDanDDDnDDDIDDDIDDIDDDIDDIDDDID 



Third Line of a Character Row 



1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 

DailllDaaiDODDiaDIIIIIDDODDDDDDIIIIDDDDIIiaDDIDDDID 
DiDDDDiDnMDDDIDDiaDDDDDDDDDDQDIDDDIDDIDDDIDDiDDDID 
DIDDDDIDDIDIDDICDIDDDDDDDDDDDDDIDDDIDDinDDIDDIDDDID 
DBaaDDBDDHDaaDBDD ■ IIIDDDDDDDDDDIIIIDDDIODDIDDIDIDia 
DiDDDDiDDIDDIDIDaiDDDDDDDDDDnDDIDIDDDDIDDDIDniDIDID 
DIDDDDIDDiDDDiiCDiDDDaDDDaDDDDDIDDiDDDIDDDIDDiDIDiD 
DDIIIIDDDIDDDDIDDIIIIiaDDDaDDDDIDOIDaaDIIIDaDOiaiOa 

Seventh Line of a Character Row 



Figure 4. Display Of A Character Row 



Display Row Buffering 

Before the start of a frame, the 8276 uses BRDY and 
BS to fill one row buffer with characters. 

When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, the other row 
buffer is filled with the next row of characters. 

After all the lines of the character row are scanned, 
the buffers are swapped and the same procedure is 
followed for the next row. 

This process is repeated until all of the character 
rows are displayed. 

Row Buffering allows the CPU access to the display 
memory at all times except during Buffer Loading 
(about 25%). This compares favorably to alternative 
approaches which restrict CPU access to the display 
memory to occur only during horizontal and vertical 
retrace intervals (80% of the bus time is used to re- 
fresh the display.) 



BUFFER ^^ 




Figure 5. First Row Buffer Filled 
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ROW 



vbuffei 

IT 






Figure 6. Second Row Buffer Filled, First Row 
Displayed 



. . DATA A _ A 
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BUFFER 



ROW BUFFERS 



BUFFER 
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Figure 7. First Row Buffer Filled With Third Row, 
Second Row Displayed 



Display Format 

SCREEN FORMAT 

The 8276 can be programmed to generate from 1 to 
80 characters per row, and from 1 to 64 rows per 
frame. 




Figure 8. Screen Format 

The 8276 can also be programmed to blank alternate 
rows. In this mode, the first row is displayed, the 
second blanked, the third displayed, etc. Display 
data is not requested for the blanked rows. 




Figure 9. Blank Alternate Rows Mode 



ROW FORMAT 

The 8276 is designed to hold the line count stable 
while outputting the appropriate character codes 
during each horizontal sweep. The line count is in- 
cremented during horizontal retrace and the whole 
row of character codes are output again during the 
next sweep. This is continued until the entire char- 
acter row is displayed. 

The number of lines (horizontal sweeps) per charac- 
ter row is programmable from 1 to 16. 

The output of the line counter can be programmed 
to be in one of two modes. 

In mode 0, the output of the line counter is the same 
as the line number. 
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In mode 1 , the line counter is offset by one from the 
line number. 

Note: In mode 1 , while the first line (line number 0) is being dis- 
played, the last count is output by the line counter (see 
examples). 
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If the line number of the underline is greater than 7 
(line number MSB = 1 ), then the top and bottom 
lines will be blanked. 
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1 000 


111 


9 


a 


■ 


a 


D 


□ 


□ 


D 


■ 


□ 


100 1 


1000 


10 




















10 10 


1 01 


11 


□ 


□ 


D 


D 


□ 


D 


D 


D 


D 


1011 


1010 






Top and Bottom 














Li 


nes are 


Blanked 











Figure 10. Example of a 16-Line Format 



Figure 12. Underline in Line Number 10 



If the line number of the underline is less than or 
equal to 7 (line number MSB = 0), then the top and 
bottom lines will not be blanked. 



















Line 


Line 


Line 
















Counter 


Counter 


Number 
















Mode 


Mode 1 





D 


a 


D 


a 


D 


D 


D 


0000 


100 1 


1 


D 


□ 


a 


■ 


D 


□ 


D 


000 1 


0000 


2 


D 


D 


■ 


D 


■ 


a 


D 


00 1 


000 1 


3 


D 


■ 


□ 


D 


D 


■ 


D 


00 1 1 


00 1 


4 


D 


■ 


a 


□ 


D 


■ 


□ 


1 00 


00 1 1 


5 


□ 












□ 


010 1 


100 


6 


□ 


■ 


D 


a 


a 


■ 


D 


110 


10 1 


7 


a 


■ 


D 


a 


a 


■ 


□ 


111 


0110 


8 


a 


D 


□ 


a 


D 


□ 


a 


1 000 


0111 


9 


a 


D 


□ 


D 


D 


D 


a 


1 00 1 


1 000 



Figure 11. Example of a 10-Line Format 











Line 


Line 


Line 








Counter 


Counter 


Number 








ModeO 


Mode 1 





□ 


D D ■ D □ 


□ 


0000 


111 


1 


D 


□ ■ □ ■ □ 


D 


000 1 


0000 


2 


□ 


■ □ □ □ ■ 


□ 


00 1 


0001 


3 


D 


■ □ □ D ■ 


□ 


00 11 


001 


4 


D 




D 


100 


00 1 1 


5 


D 


■ D D □ ■ 


D 


10 1 


100 


6 
7 


□ 


■ □ □ D ■ 


D 


110 
111 


10 1 
110 




Top and Bottom 








Lines are not Blanked 







Figure 13. Underline in Line Number 7 



Mode is useful for character generators that leave 
address zero blank and start at address 1 . Mode 1 is 
useful for character generators which start at 
address zero. 



If the Unenumber of the underline isgreaterthan the 
maximum number of lines, the underline will not ap- 
pear. 



Underline placement is also programmable (from 
line number to 1 5). This is independent of the line 
counter mode. 



Blanking is accomplished by the VSP (Video Sup- 
pression) signal. Underline is accomplished by the 
LTEN (Light Enable) signal. 



8-253 



AFN-00224B 



iny 



8276 



[PE&OMOIMljW 



DOT FORMAT 

Dot width and character width are dependent upon 
the external timing and control circuitry. 

Dot level timing circuitry should be designed to ac- 
cept the parallel output of the character generator 
and shift it out serially at the rate required by the CRT 
display. 



















-N (CHAR 
WIDTH) 




DOT 
CLOCK 








CCLK 


| 














LC 
8276 
CC 

VSP 








% 


CHARACTER 
GENERATOR 






SHIFT 
REGISTER 




> 
















Lfc 


*o T—^v 








1 >>— VIDEO 




SYNCHRONIZER 





















Figure 14. Typical Dot Level Block Diagram 

Dot width is a function of dot clock frequency. 

Character width is a function of the character 
generator width. 

Horizontal character spacing is a function of the 
shift register length. 

Note: Video control and timing signals must be synchronized 
with the video signal due to the character generator ac- 
cess delay. 



Raster Timing 

The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1 to 80). It then 
causes the line counter to increment, and it starts 
counting out the horizontal retrace interval (pro- 
grammable from 2 to 32). This process is constantly 
repeated. 




PRESENT LINE COUNT 




The line counter is driven by the character counter. It 
is used to generate the line address outputs (LC0-3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 
16), it increments the row counter, and starts over 
again. (See Character Format Section for detailed 
description of Line Counter functions.) 

The row counter is an internal counter driven by the 
line counter. It controls the functions of the row buf- 
fers and counts the number of character rows 
displayed. 



ONE CHARACTER ROW 



^CZXl^CZXl 



^H^ PRESENT ROVV"-*^ NE) 



PROGRAMMABLE 1 TO 1,6 
LINE COUNTS 



Figure 16. Row Timing 

After the row counter counts all of the rows in a 
frame (programmable from 1 to 64), it starts count- 
ing out the vertical retrace interval (programmable 
from 1 to 4). 



xX)ooo<Xxx 

FIRST ' ' LAST FIRST LAST 

DISPLAY DISPLAY RETRACE RETRACE 

ROW ROW ROW ROW 



Figure 15. Line Timing 



Figure 17. Frame Timing 

The Video Suppression Output (VSP) is active dur- 
ing horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these 
outputs with the video signal to the CRT Display. 
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Interrupt Timing 

The 8276 can be programmed to generate an inter- 
rupt request at the end of each frame. If the 8276 
interrupt enable flag is set, an interrupt request will 
occur at the beginning of the last display row. 



Special Codes 

Four special codes are available to help reduce bus 
usage. 

SPECIAL CONTROL CHARACTER 



INTERNAL 

ROW 

COUNTER 



UOOQOOC 



LAST FIRST 

DISPLAY RETRACE 

ROW ROW 



/ 



/ 



Figure 18. Beginning of Interrupt 



INT will go inactive after the status register is read. 



MSB 
1111 



LSB 
S S 



SPECIAL CONTROL CODE 



FUNCTION 



End of Row 

End of Row-Stop Buffer Loading 

End of Screen 

End of Screen-Stop Buffer Loading 



The End of Row Code (00) activates VSP and holds it 
to the end of the line. 

The End of Row-Stop Buffer Loading (BRDY) Code 
(01 ) causes the Buffer Loading Control Logic to stop 
buffer loading for the rest of the row upon being 
written into the Row Buffer. It affects the display in 
the same way as the End of Row Code (00). 




Figure 19. End of Interrupt 



A reset command will also cause INT to go inactive, 
but this is not recommended during normal service. 

Note: Upon power-up, the 8276 Interrupt Enable Flag may beset. 
As a result, the user's cold start routine should write a reset 
command to the 8276 before system interrupts are 
enabled. 



The End of Screen Code (10) activates VSP and 
holds it to the end of the frame. 

The End of Screen-Stop Buffer Loading (BRDY) 
Code (11) causes the Row Buffer Control Logic to 
stop buffer loading for the rest of the frame upon 
being written. It affects the display in the same way 
as the End of Screen Code (10). 

If the Stop Buffer Loading feature is not used, all 
characters after an End of Row character are ig- 
nored, except for the End of Screen character, 
which operates normally. All characters after an End 
of Screen character are ignored. 

Note: If a Stop Buffer Loading is not the last character in a row, 
Buffer Loading is not stopped until after the next character 
is read. In this situation, a dummy character must be 
placed in memory after the Stop Buffer Loading character. 



VISUAL ATTRIBUTES 
AND SPECIAL CODES 

The characters processed by the 8276 are 8-bit 
quantities. The character code outputs provide the 
character generator with 7 bits of address. The Most 
Significant Bit is the extra bit and it is used to deter- 
mine if it is a normal display character (MSB = 0), or 
if it is a Field Attribute or Special Code (MSB = 1). 



Field Attributes 

The field attributes are control codes which affect 
the visual characteristics for a field of characters, 
starting at the character following the code up to, 
and including, the character which precedes the 
next field attribute code, or up to the end of the 
frame. The field attributes are reset during the verti- 
cal retrace interval. 
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The 8276 can be programmed to provide visible field 
attribute characters; all field attribute codes will oc- 
cupy a position on the screen. These codes will ap- 
pear as blanks caused by activation of the Video 
Suppression output (VSP). The chosen visual attri- 
butes are activated after this blanked character. 

There are six field attributes: 

1. Blink— Characters following the code are 
caused to blink by activating the Video Sup- 
pression output (VSP). The blink frequency is 
equal to the screen refresh frequency divided 
by 32. 

2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 

3. Reverse Video — Characters following the code 
are caused to appear with reverse video by ac- 
tivating the Reverse Video output (RVV). 

4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 

5,6. General Purpose — There are two additional 
8276 outputs which act as general purpose, in- 
dependently programmable field attributes. 
GPAq-1 are active high outputs. 











ABCDE FGHIJKLM 
NOP QRSTUV 














12345 6789 

V J 









Figure 20. Example of a Visible Field Attribute 
(Underline Attribute) 



FIELD ATTRIBUTE CODE 



MSB 
1 O U R G G 



LSB 
B H 



HIGHLIGHT 

- BLINK 

-GENERAL PURPOSE 
-REVERSE VIDEO 

- UNDERLINE 



H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA 1 ,GPA 

Note: More than one attribute can be enabled at the same time. 
If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will biink. 



Cursor Timing 

The cursor location is determined by a cursor row 
register and a character position register which are 
loaded by command to the controller. The cursor 
can be programmed to appear on the display as: 

1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen 
refresh frequency divided by 16. 

If a non-blinking reverse video cursor appears in a 
non-blinking reverse video field, the cursor will ap- 
pear as a normal video block. 

If a non-blinking underline cursor appears in a non- 
blinking underline field, the cursor will not be 
visible. 



Device Programming 

The 8276 has two programming registers, the Com- 
mand Register and the Parameter Register. It also 
has a Status Register. The Command Register can 
only be written into and the Status Register can only 
be read from. They are addressed as follows: 



C/T 


OPERATION 


REGISTER 





Read 


Reserved 





Write 


Parameter 


1 


Read 


Status 


1 


Write 


Command 



The 8276 expects to receive a command and a sequ- 
ence of to 4 parameters, depending on the com- 
mand. If the proper number of parameter bytes are 
not received before another command is given, a 
status flag is set, indicating an improper command. 
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Instruction Set 

The 8276 instruction set consists of 7 commands. 



COMMAND 


NO. OF PARAMETER BYTES 


Reset 


4 


Start Display 
Stop Display 
Load Cursor 




2 


Enable Interrupt 
Disable Interrupt 
Preset Counters 








In addition, the status of the 8276 can be read by the 
CPU at any time. 

1. RESET COMMAND 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Reset Command 


00000000 




Write 





Screen Comp 
Byte 1 


SHHHHHHH 




Write 





Screen Comp 
Byte 2 


VVRRRRRR 


Parameters 


Write 





Screen Comp 
Byte 3 


UUUULLLL 




Write 





Screen Comp 
Byte 4 


M 1 C C Z Z Z Z 



Action— After the reset command is written, BRDY 
goes inactive, 8276 interrupts are disabled, and the 
VSP output is used to blank the screen. HRTC and 
VRTC continue to run. HRTC and VRTC timing are 
random on power-up 

As parameters are written, the screen composition is 
defined. 

Parameter — S Spaced Rows 
S FUNCTIONS 



Normal Rows 
Spaced Rows 



Parameter— HHHHHHH 
Horizontal Characters/Row 



HHHHHHH 




1 
10 



10 1111 
10 10 



1111111 



NO. OF CHARACTERS 
PER ROW 



80 
Undefined 



Undefined 



Parameter— VV Vertical Retrace Row Count 
V V NO. OF ROW COUNTS PER VRTC 





1 

1 

1 1 



Parameter— RRRRRR Vertical Rows/Frame 
R R R R R R NO. OF ROWS/FRAME 




1 
10 



111111 



64 



Parameter — UUUU Underline Placement 



U U U U 




1 
10 



1111 



LINE NUMBER OF 
UNDERLINE 



16 



Parameter — LLLL Number of Lines 
per Character Row 



LLLL 




1 
10 



1111 



NO. OF LINES/ROW 



16 



Parameter — M Line Counter Mode 
M LINE COUNTER MODE 



Mode (Non-Offset) 
Mode 1 (Offset by 1 Count) 



Parameter— CC Cursor Format 
C C CURSOR FORMAT 





1 

1 

1 1 



Blinking reverse video block 
Blinking underline 
Non-blinking reverse video block 
Non-blinking underline 
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Parameter — ZZZZ Horizontal Retrace Count 



6. DISABLE INTERRUPT COMMAND 



ZZZZ 




1 
10 



1111 



NO. OF CHARACTER 
COUNTS PER HRTC 



32 



Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, = not blanked). 



2. START DISPLAY COMMAND 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Start Display 


10 


No parameters 









Action— 8276 interrupts are enabled, BRDY goes 
active, video is enabled, Interrupt Enable and Video 
Enable status flags are set. 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Disable Interrupt 


110 


No parameters 









Action— Interrupts are disabled and the interrupt 
enable status flag is reset. 

7. PRESET COUNTERS COMMAND 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Preset Counters 


1110 


No parameters 









Action — The internal timing counters are preset, 
corresponding to a screen display position at the top 
left corner. Two character clocks are required for 
this operation. The counters will remain in this state 
until any other command is given. 

This command is useful for system debug and syn- 
chronization of clustered CRT displays on a single 
CPU. 



3. STOP DISPLAY COMMAND 



Status Flags 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Stop Display 


10 


No parameters 









Action — Disables video, interrupts remain enabled, 
HRTC and VRTC continue to run, Video Enable 
status flag is reset, and the "Start Display" com- 
mand must be given to reenable the display. 



4. LOAD CURSOR POSITION 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Load Cursor 


10 


Parameters 


Write 
Write 






Char. Number 
Row Number 


(Char. Position in Row) 
(Row Number) 



Action— The 8276 is conditioned to place the next 
two parameter bytes into the cursor position regis- 
ters. Status flag not affected. 



5. ENABLE INTERRUPT COMMAND 





OPERATION 


C/P 


DESCRIPTION 


DATA BUS 
MSB LSB 


Command 


Write 


1 


Enable Interrupt 


10 10 


No parameters 









Action — The interrupt enable flag is set and inter- 
rupts are enabled. 



DATA BUS 
OPERATION C/P DESCRIPTION MSB LSB 



IE IR X IC VE BU X 



IE — (Interrupt Enable) Set or reset by command. 
It enables vertical retrace interrupt. It is auto- 
matically set by a "Start Display" command 
and reset with the "Reset" command. 

IR — (Interrupt Request) This flag is set at the be- 
ginning of display of the last row of the frame 
if the interrupt enable flag is set. It is reset 
after a status read operation. 

IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 

VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

BU — (Buffer Underrun) This flag is set whenever a 
Row Buffer is not filled with character data in 
time for a buffer swap required by the display. 
Upon activation of this bit, buffer loading 
ceases, and the screen is blanked until after 
the vertical retrace interval. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to + 150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. 



D.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = 5V ±5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


V CC + 0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


V H 


Output High Voltage 


2.4 




V 


Iqh = -400 /xA 


i|L 


Input Load Current 




±10 


IxA 


Vin = V C c to 0V 


'OFL 


Output Float Leakage 




±10 


/iA 


VOUT = V C C to 0.45V 


'cc 


Vqc Supply Current 




160 


mA 





CAPACITANCE (T A = 25°C; v cc = gnd = ov) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


C|N 


Input Capacitance 




10 


PF 


f c = 1 MHz 


C|/0 


I/O Capacitance 




20 


PF 


Unmeasured pins returned to Vss- 
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A.C. CHARACTERISTICS (T A = o°c to 70°c ; v C c = s.ov ±5%; gnd = ov> 
Bus Parameters (Note 1) 

READ CYCLE 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


*AR 


Address Stable Before READ 







ns 




*RA 


Address Hold Time for READ 







ns 




tRR 


READ Pulse Width 


250 




ns 




*RD 


Data Delay from READ 




200 


ns 


C L = 150pF 


tDF 


READ to Data Floating 


20 


100 


ns 




WRITE CYCLE 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


*AW 


Address Stable Before WRITE 







ns 




tWA 


Address Hold Time for WRITE 







ns 




tww 


WRITE Pulse Width 


250 




ns 




*DW 


Data Setup Time for WRITE 


150 




ns 




*WD 


Data Hold Time for WRITE 







ns 




CLOCK TIMING 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


*CLK 


Clock Period 


480 




ns 




*KH 


Clock High 


240 




ns 




tKL 


Clock Low 


160 




ns 




*KR 


Clock Rise 


5 


30 


ns 




tKF 


Clock Fall 


5 


30 


ns 





Note 1: AC timings measured at V h = 2.0, Vol = 0.8, V| H = 2.4, V| L = 0.45. 



OTHER TIMING 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


*cc 


Character Code Output Delay 




150 


ns 


C L = 50 pF 


*HR 


Horizontal Retrace Output Delay 




200 


ns 


C L = 50 pF 


tLC 


Line Count Output Delay 




400 


ns 


C L = 50 pF 


tAT 


Control/Attribute Output Delay 




275 


ns 


C L = 50 pF 


*VR 


Vertical Retrace Output Delay 




275 


ns 


C L = 50 pF 


tRI 


INT| from RDf 




250 


ns 


C L = 50 pF 


tWQ 


BRDYf from WRf 




250 


ns 


C L = 50 pF 


*RQ 


BRDYI from WRj 




200 


ns 


C L = 50 pF 


tLR 


BSi to WRi 







ns 




tRL 


WR| to BSt 







ns 
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WAVEFORMS 
Typical Dot Level Timing 



EXT DOT CLK 



J^jwu^mn^^j^uin. 



i 



■± 



FIRST CHARACTER CODE 



X 



SECOND CHARACTER CODE 



X 



ROM ACCESS- 



CHARACTER 

GENERATOR 

OUTPUT 






X 



FIRST CHARACTER 



X 



SECOND CHARACTER 



ATTRIBUTES & CONTROLS FOR FIRST CHAR. 



SHIFT REGISTER SETUP »► 



X 



X 



xxxxxxxxxxxxx 



ATTRIBUTES 

& CONTROLS 

(FROM 

SYNCHRONIZER) 



X 



FIRST CHARACTER 



ATTRIBUTES & CONTROLS FOR FIRST CHAR. 



X 



SECOND CHARACTER 



ATTRIBUTES & CONTROLS 
FOR 2ND CHAR. 



*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8276. 



Line Timing 



\- 1 FIRST \ / SECOND \ / > >\ / 

x display y display y y 

/- ^characterAcharacterA m / v 



VIDEO 

CONTROLS 

AND ATTRIBUTES » 



"\ 



LAST 

DISPLAY 

,CHARACTEI 



-PROGRAMMABLE FROM 1 TO 80 CHARACTERS 



FIRST \T 
RETRACE Y 
CHARACTER A 



J 



- PROGRAMMABLE FROM 



X 



LAST 

RETRACE 

CHARACTEF; 



tHR— i 
2T0 32CCLKS 



X 



X 



h— l LC 



PRESENT LINE COUNT 



* 



NEXT LINE COUNT 



J\ X— hv— X _X_ 



x 



VSP, LTEN, HGLT. RVV, GPA _1 
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Row Timing 



X- 



X- 



«Lch — 

X FIRST LINE VsECOND LINeV V LAST LINE 

COUNT ^ COUNT /\ { /\ COUNT 



A 



INTERNAL 

ROW LAST ROW 
COUNTER 



X 



-PROGRAMMABLE FROM 1 TO 16 LINES - 



PRESENT ROW 



}< 



Frame Timing 



"\ 




-PROGRAMMABLE FROM 1 TO 64 ROWS - 



X FIRST W ^ V ~A/ LAST \T 
RETRACE Y Y RETRACE Y 

Row A S) A R o w A- 



• *VR 

_ PROGRAMMABLE FROM_ 
1 TO 4 ROWS 



/ 



1 



Interrupt Timing 

















CCLK 


\ 








C/P / 

RD 


\ 


CCo-6 


LAST RETRACE 
CHARACTER 


V FIRST RETRACE 
/^ CHARACTER 


/ 








LC0-3 


FIRSTLY 


E COUNT 


/ 




HRTC 

INTERNAL 

ROW 

COUNTER 

INT 




\ 






^~ l R| — 


~ 


INT 


\ 




LAST DIS 


LAY ROW 






/ 


- l IR 


'- 
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Timing for Buffer Loading 



CCLK 


tKQ 










If 

r 


BRDY 7 


f 


\ 


two 




\ 


tRQ 


Is 


\ 




♦t L R«- 


-« — 'WW — — 


*tR L H 




_j- 


WR 


V_/ 


'* 























Write Timing 



i, C/ P, CS INVALID 



W 



X 



DB -7 INVALID 



XEX 



Read Timing 



"D' 




;c 



/ 



DATA VALID 



% IMPEDANCE"/ 



Clock Timing 




Input and Output Waveforms for A.C. Tests 




FOR A.C. TESTING, INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " 
AND 0.45V FOR A LOGIC "0." TIMING MEASUREMENTS FOR INPUT 
AND OUTPUT SIGNALS ARE MADE AT 2.0V FOR A LOGIC "1" AND 
0.8V FOR A LOGIC "0." 
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8279/8279-5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 



MCS-85™ Compatible 8279-5 

Simultaneous Keyboard Display 
Operations 

Scanned Keyboard Mode 

Scanned Sensor Mode 

Strobed Input Entry Mode 

8-Character Keyboard FIFO 

2-Key Lockout or N-Key Rollover with 
Contact Debounce 



■ Dual 8- or 16- Numerical Display 

■ Single 16-Character Display 

■ Right or Left Entry 16- Byte Display 
RAM 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 



The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 
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Figure 1. Logic Symbol 



Figure 2. Pin Configuration 
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HARDWARE DESCRIPTION 

The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 



Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Name and Function 


DB -DB 7 


8 


Bi-directional data bus: All data 
and commands between the CPU 
and the 8279 are transmitted on 
these lines. 


CLK 


1 


Clock: Clock from system used to 
generate internal timing. 


RESET 


1 


Reset: A high signal on this pin re- 
sets the 8279. After being reset the 
8279 is placed in the following 
mode: 

1) 16 8-bit character display 
— left entry. 

2) Encoded scan keyboard— 2 
key lockout. 

Along with this the program clock 
prescaler is set to 31 . 


CS 


1 


Chip Select: A low on this pin en- 
ables the interface functions to 
receive or transmit. 


Ao 


1 


Buffer Address: A high on this 
line indicates the signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data. 


RD.WR 


2 


Input/Output Read and Write: 

These signals enable the data 
buffers to either send data to the 
external bus or receive it from the 
external bus. 


IRQ 


1 


Interrupt Request: In a key- 
board mode, the interrupt line is 
high when there is data in the 
FIFO/Sensor RAM. The interrupt 
line goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still information in 
the RAM. In a sensor mode, the 
interrupt line goes high whenever 
a change in a sensor is detected. 


Vss, V cc 


2 


Ground and power supply pins. 


SL0-SL3 


4 


Scan Lines: Scan lines which are 
used to scan the key switch or 
sensor matrix and the display 
digits. These lines can be either 
encoded (1 of 16) or decoded (1 
of 4). 


RLo-RL 7 


8 


Return Line: Return line inputs 
which are connected to the scan 
lines through the keys or sensor 
switches. They have active internal 
pullups to keep them high until a 
switch closure pulls one low. They 
also serve as an 8-bit input in the 
Strobed Input mode. 



Symbol 


Pin 
No. 


Name and Function 


SHIFT 


1 


Shift: The shift input status is 
stored along with the key position 
on key closure in the Scanned Key- 
board modes. It has an active in- 
ternal pullup to keep it high until a 
switch closure pulls it low. 


CNTL7STB 


1 


Control/Strobed Input Mode: For 

keyboard modes this line is used 
as a control input and stored like 
status on a key closure. The line 
is also the strobe line that enters 
the data into the FIFO in the 
Strobed Input mode. 

(Rising Edge). It has an active in- 
ternal pullup to keep it high until 
a switch closure pulls it low. 


OUT Aq-OUT A 3 
OUT Bq-OUT B 3 


4 
4 


Outputs: These two ports are the 
outputs for the 16x4 display re- 
fresh registers. The data from 
these outputs is synchronized to 
the scan lines (SL -SL 3 ) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8-bit 
port. 


BD 


1 


Blank Display: This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 



FUNCTIONAL DESCRIPTION 



Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 

The 8279 has two seqtions: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 
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Input Modes 

• Scanned Keyboard — with encoded (8x8 key 
keyboard) or decoded (4x8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 

• Scanned Sensor Matrix — with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 

Output Modes 

• 8 or 16 character multiplexed displays that can be or- 
ganized as dual 4-bit or single 8-bit (B = D , A 3 = D 7 ). 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Clock Prescaler 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 3. 

I/O Control and Data Buffers 



The I/O control section uses the CS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers andjpuffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a commajTd or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus_to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR«CS and output during 
RD»CS. 



Control and Timing Registers and Timing Control 



These registers storethe keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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Figure 3. Internal Block Diagram 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a + N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 

Scan Counter 

The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 
and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8x8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 



SOFTWARE OPERATION 

8279 commands 

The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR". 

Keyboard/Display Mode Set 

MSB LSB 

Code: 












D 


D 


K 


K 


K 



Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 

8 8-bit character display — Left entry 

1 16 8-bit character display — Left entry* 

1 8 8-bit character display — Right entry 
11 16 8-bit character display — Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 

Encoded Scan Keyboard — 2 Key Lockout* 

1 Decoded Scan Keyboard — 2-Key Lockout 

1 Encoded Scan Keyboard — N-Key Rollover 

1 1 Decoded Scan Keyboard — N-Key Rollover 

1 Encoded Scan Sensor Matrix 
1 1 Decoded Scan Sensor Matrix 

1 1 Strobed Input, Encoded Display Scan 

1 1 1 Strobed Input, Decoded Display Scan 

Program Clock 

Code: 

All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31 . Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 



1 P P P P P 



Read FIFO/Sensor RAM 



Code: 






1 





Al 


X 


A 


A 


A 



X= Don't Care 



The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 



*Default after reset. 
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1 


1 


Al 


A 


A 


A 


A 



1 








A! 


A 


A 


A 


A 



board Mode, the Auto-Increment flag (Al) and the RAM 
address bits (AAA) are irrelevant, the 8279 will automati- 
cally drive the data bus for each subsequent read (A = 0) 
in the same sequence in which the data first entered the 
FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 

In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the Al flag 
is set (Al = 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 

Read Display RAM 



Code: 



The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the Al 
flag is set (Al = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 

Write Display RAM 

Code: 

The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com- 
mand with A = 1, all subsequent writes with A = will 
be to the Display RAM. The addressing and Auto- 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 

Display Write Inhibit/Blanking 



Code: 



The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW= 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit B corresponds 
to bit D on the CPU bus, and that bit A 3 corresponds to 
bit D 7 . 

If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 



1 


1 





Cd 


Cd 


Cd 


C f 


C a 











A 


B 


A 


B 


h 





1 


X 


IW 


IW 


BL 


BL 



Clear 



Code: 



The C D bits are available in this command to clear all 
rows of the Display RAM to a selectable blanking code 
as follows: 
Cq Cq Cd 

L -T~ J 

X All Zeros (X = Don't Care) 

10 AB = Hex 20 (0010 0000) 

1 1 All Ones 
— Enable clear display when =1 (or by Ca = 1) 

During the time the Display RAM is being cleared (~160 ^s), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis- 
play RAM becomes available again, it automatically 
resets. 

If the C F bit is asserted (C F =1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row 0. 

C A , the Clear All bit, has the combined effect of C D and 
C F ; it uses the C D clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 

End Interrupt/Error Mode Set 



Code: 



1 1 1 E X X X X X = Don't care. 



For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 

For the N-key rollover mode — if the E bit is programmed 
to "1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error, and 
display unavailable sigjials. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 

Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 

Data Write 

Data that is written with Ao, CS and WRT low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest, display command. 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode, 2-Key Lockout 

There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 



Scanned Keyboard Mode, N-Key Rollover 

With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard — Special Error Modes 

For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle , two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). Theerrorflag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Cf = 1. 

Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ line is 
cleared by the first data read operation if the Auto- 



Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 

Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0) may cause multiple interrupts. (SLo = in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 

Data Format 

In, the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 



MSB 



LSB 



CNTL 



T 



T 



SCAN 



RETURN 

-J L- 



SCANNED KEYBOARD DATA FORMAT 

In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 



MSB 














LSB 


| RL 7 


RL 6 


RL 5 


RL 4 


RL 3 


RL 2 


RLi 


RL j 



In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 



MSB 














LSB 


| RL 7 


RL 6 


RL 5 


RL 4 


RL 3 


RL 2 


RLt 


RL | 



Display 

Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 1 7th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 
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1 


H 1 


1 


M 


2 





1 


hl 2 l 


1 


17 


2 


1 


17 


18 



1st entry 



2nd entry 



16th entry 



1 7th entry 



18th entry 



LEFT ENTRY MODE 
(AUTO INCREMENT) 

Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 



14 


15-* 


I I I 


14 15 


I I I 


14 15 


15 


16 


14 15 


15 


16 


14 15 


15 


16 



-Display 
RAM 
Address 



1st entry 



2nd entry 



3rd entry 



16th entry 



17th entry 



1 8th entry 



23 

34 

01 
1 | 2 

1 2 

2 I 3 

23 

3Ti" 



14 15 OnDisplay 
RAM 







1 


15 1 




1 


2 


1 2 


1 


2 


3 


13 14 15 


14 


15 


16 


14 15 


15 


16 


17 


15 1 


16 


17 


18 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 



1st entry 



2nd entry 



Command 
10010101 



3rd entry 



4th entry 






1 2 


3 


4 


5 


6 


7- 


1 















- Display 
RAM 
Address 






1 


2 


3 


4 


5 


6 


7 


1 


2 














1 2 3 4 5 6 7 


1 


2 















Enter next at Location 5 Auto Increment 
1 2 3 4 5 6 7 



1 


2 








3 






1 2 3 4 5 6 7 


1 


2 








3 


4 





LEFT ENTRY MODE 
(AUTO INCREMENT) 



In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 



1st entry 



2nd entry 



Command 
10010101 



3rd entry 



4th entry 



2 3 4 5 6 7 0-*- Display 
1 RAM 
J Address 



2 


3 


4 5 


6 7 





1 






| 


1 
1 


1 


2 


2 3 4 5 6 7 1 


z 




I I I I 1 l 2 l 



Enter next at Location 5 Auto Increment 
345670 12 



3 | 1 | 2 | 

4 5 6 7 1 2 3 

3 I 4 I I 1 I 2 I T 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Starting at an arbitrary location operates as shown below: 



Command 
10010101 



1st entry 

2nd entry 
8th entry 
9th entry 






1 


2 


3 


4 


5 


6 


7-« 



















- Display 
RAM 
Address 
Enter next at Location 5 Auto Increment 

12 3 4 5 6 7 



2 


3 


4 


5 


6 


7 





1 








1 


2 










4 


5 


6 


7 


8 


1 


2 |3 



5 


6 


7 


8 


9 


2 


3 


4 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 
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Entry appears to be from the initial entry point. 

8/16 Character Display Formats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 



In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indica- 
tion is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the error 
flag and serves as an indication to whether a simultane- 
ous multiple closure error has occurred. 

FIFO STATUS WORD 
f FIFO Full 



n h a 



S/E O 



X 



_ Number of 
characters in FIFO 
- Error-Underrun 
Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 
Display unavailable 



8-BIT 

MICRO- DATA 
PROCESSOR BUS 
SYSTEM 



ADDRESS! 
BUS] 



c 

V 


)ATA BUS 


•/ »> 


r V 
RD 


WR 


RESET 


CS 


Ao. 


CLK 



X. 



RETURN 
LINES 



KEYBOARD 
MATRIX 



8 COLUMNS 
8 ROWS 



77 



SHIFT CNTL 
INT 



IOR 



X7\ T 

v dd — ' 

v ss 1 



iow 

RESET 
CS 
AO 
CLK 



m 



8 DECODER 

t — 



4t 



3f 



4 ~16 DECODER 



BLANK 
DISPLAY 



X 



-N 



;Q 



iz 



V\ DISPLAY 

CHARACTERS 
DATA 



ADDRESSES 
(DECODED) 



*Do not drive the keyboard decoder with the MSB of the scan lines. 



Figure 4. System Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature 0°Cto 70°C 

Storage Temperature -65°Cto 125°C 

Voltage on any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
•Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS [T A * 0°C to 70°C, V ss = V cc = +5V ± 5%, V cc = +5V ±10% (8279-5)] 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L1 


Input Low Voltage for 
Return Lines 


-0.5 


1.4 


V 




V,L2 


Input Low Voltage for All Others 


-0.5 


0.8 


V 




V,H1 


Input High Voltage for 
Return Lines 


2.2 




V 




V|H2 


Input High Voltage for All Others 


2.0 




V 




Vol 


Output Low Voltage 




0.45 


V 


Note 1 


Vohi 


Output High Voltage on Interrupt 
Line 


3.5 




V 


Note 2 


VOH2 


Other Outputs 


2.4 








l|L1 


Input Current on Shift, Control and 
Return Lines 




+10 
-100 


/iA 
MA 


V|N = V CC 
V| N = OV 


>IL2 


Input Leakage Current on All Others 




±10 


MA 


V|N = V C C to 0V 


>OFL 


Output Float Leakage 




±10 


ma 


VoUT = V C C to 0V 


•cc 


Power Supply Current 




120 


mA 




CAPACITANCE 


Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 


5 


10 


pF 


V|N = V CC 


COUT 


Output Capacitance 


10 


20 


pF 


VqUT = Vcc 



A.C. CHARACTERISTICS [t a 
Bus Parameters 



0°C to 70°C, V S s = 0V, (Note 3)] 



READ CYCLE 



Symbol 


Parameter 


8279 


8279-5 


Unit 


Min. 


Max. 


Min. 


Max. 


t A R 


Address Stable Before READ 


50 









ns 


tRA 


Address Hold Time for READ 


5 









ns 


tRR 


READ Pulse Width 


420 




250 




ns 


t RD W 


Data Delay from READ 




300 




150 


ns 


t AD w 


Address to Data Valid 




450 




250 


ns 


tDF 


READ to Data Floating 


10 


100 


10 


100 


ns 


tRCY 


Read Cycle Time 


1 




1 




MS 
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A.C. CHARACTERISTICS (Continued) 



WRITE CYCLE 



Symbol 


Parameter 


8279 


8279-5 


Unit 


Min. 


Max. 


Min. 


Max. 


Uw 




50 









ns 


Address Stable Before WR ITE 


*WA 


Address Hold Time for WRITE 


20 









ns 


t ww 


WRITE Pulse Width 


400 




250 




ns 


X D\N 


Data Set Up Time for WR ITE 


300 




150 




ns 


tyVD 


Data Hold Time for WRITE 


40 









ns 


t WCY 


Write Cycle Tune 


1 




1 




IAS 



OTHER TIMINGS 



Symbol 


Parameter 


8279 


82795 


Unit 


Min. 


Max. 


Min. 


Max. 


t<j>w 


Clock Pulse Width 


230 




120 




nsec 


tCY 


Clock Period 


500 




320 




nsec 



Keyboard Scan Time 5.1 msec 

Keyboard Debounce Time — 10.3 msec 

Key Scan Time 80 ^sec 

Display Scan Time 10.3 msec 



Digit-on Time 480 /usee 

Blanking Time 1 60 ^sec 

Internal Clock Cycled 10 /isec 



NOTES: 

1. 8279, l L = 1.6mA; 8279-5, I l = 2.2mA. 

2. 8279, Iqh = -100^A; 8279-5, I h = -400)uA. 

3. 8279, V CC = +5V ±5%; 8279-5, V CC = +5V ±10%. 

4. 8279, C L = 100pF; 8279-5, C L = 150pF. 

5. The Prescaler should be programmed to provide a 10 /xs internal clock cycle. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <~ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ' 1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



~1. 

1 



C L = 120pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



READ OPERATION 



a .c5 y 



X 



\ 



/ 



DATA BUS 
(OUTPUT) 



m#gsS 



V 



I 



\vvvmmv 



(SYSTEM'S 
ADDRESS BUS) 



(READ CONTROL) 



:^^\T^\\\ \\\\\\\^ 



WRITE OPERATION 



"" zx 



K 



\ 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



/ 



V « -DATA VALID *■ V 



DATA 
MAY CHANGE 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 



CLOCK INPUT 



i\ / \ / 



-tcv- 
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WAVEFORMS (Continued) 



SCAN 

-J 

Si 


1 640_j 

MS 


~L 




1 


ENCODED 
SCAN 






s 2 


l 






S3 


1 




-I 






Si 

DECODED 
SCAN 


s 2 


S3 



DISPLAY 



A0-A3 V BLANK V 

EHIGH A CODE* A 



B0-B3 \f 

VEHIGH Ji 



BLANK 
CODE' 



D( 



PRESCALER PROGRAMMED FOR IN- 
TERNAL FREQUENCY = 100 kHz SO 
t C Y = 10ms 



BLANK 
CODE* 



X 



X 



BLANK 
CODE*/V 



/ 



\_J 






60 ms_ 
40 ms— 



I u— CONDITIONAL WRITE TO FIFO 
H-RLo SELECTED, LATCHED 



F 



a c r a 



*BLANK CODE IS EITHER ALL 
0's OR ALL 1's OR 20 HEX 



~\r 



X 



BLANK \l 

\ co f A— 



\ 



RL RLi RL 2 RL 3 RL 4 RL 5 RL 6 RL 7 RL RL n RL 2 RL3 RL, RL 5 RL 6 RL 7 



RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN. 



NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 
S 2 S 3 ARE NOT SHOWN BUT THEY ARE SIMPLY S 1 DIVIDED BY 2 AND 4 
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8291 
GPIB TALKER/LISTENER 



Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086, 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

Programmable Data Transfer Rate 

Complete Source and Acceptor 
Handshake 

Complete Talker and Listener 
Functions with Extended Addressing 

Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

Selectable Interrupts 

On-Chip Primary and Secondary 
Address Recognition 

Automatic Handling of Addressing and 
Handshake Protocol 

Provision for Software Implementation 
of Additional Features 



1-8 MHz Clock Range 

16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

Directly Interfaces to External Non- 
Inverting Transceivers for Connection 
to the GPIB 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

Trigger Output Pin 

On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 



The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8048, 
8080, 8085, 8086) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface 
functions except for the controller. 



O 



K= 



8 READ 
REGISTERS 



c 



8WRITE 
-j/l REGISTERS 



:> 



INTERFACE 
FUNCTIONS 



MESSAGE 
DECODER 






t> 



T/R CONTROL 



>. 



TO NON-INVERTING 
BUS TRANSCEIVERS 



IE 



T/R1 C 1 

T/R2C 2 

CLOCK C 3 

RESET C 4 

TRIGC 5 

DREQC 6 

DACKC 7 

CSt 8 

RDC 9 

WRC 10 

intC 11 

DOC 12 
D1L* 13 
D2C 14 
D3C 15 
D4C 16 
D5C 17 
D6C 18 
D7C 19 
VssC 20 



nyce 

I3EOI 
3NDAC 
3NRFD 
UDAV 

DdTos 
UdToT 

U5106 
ZJDi05 
36704 

HdTo! 

1DI02 

UdToi 

USRQ 
ZJATN 
13 REN 
DiFC 
I3RS2 
URS1 
3RS0 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


D -D 7 


12-19 


I/O 


Data Bus: Data bus port, to be 
connected to microprocessor data 
bus. 


RS0-RS2 


21-23 


I 


Register Select: Register select 
inputs, to be connected to three 
non-multiplexed microprocessor 
address bus lines. Select which of 
the 8 internal read (write) regis- 
ters will be read from (written into) 
with the execution of RD (WR). 


cs 


8 


1 


Chip Select: When low, enables 
reading from or writing into the 
register selected by RS -RS 2 . 


RD 


9 


1 


Read Strobe: When low, selected 
register contents are read by the 
CPU. 


WR 


10 


1 


Write Strobe: When low, data is 
written into the selected register. 


INT (INT) 


11 





Interrupt: Interrupt request to the 
microprocessor, set high for re- 
quest and cleared when the appro- 
priate register is accessed by the 
CPU. May be software configured 
to be active low. 


DREQ 


6 





DMA Request: DMA request, 
normally low, set high to indicate 
byte output or byte input, in DMA 
mode; reset by DACK. 


DACK 


7 


1 


DMA Acknowledge: When low, 
resets DREQ and selects data in/ 
data out register for DMA data 
transfer (actual transfer done by 
RD/WR pulse). 
Must be high if DMA is not used. 


TRIG 


5 





Trigger Output: Trigger output, 
normally low; generates a trigger- 
ing pulse with 1 jasec min. width in 
response to the GET bus command 
or Trigger auxiliary command. 


CLOCK 


3 


1 


External Clock: External clock in- 
put, used only for T^ delay 
generator. May be any speed in 1-8 
MHz range. 


RESET 


4 


1 


Reset Input: When high, forces 
the device into an "Idle" (initializa- 
tion) mode. The device will remain 
at "Idle" until released by the 
microprocessor. 


DIOrDlOg 


28-35 


I/O 


Data Port: 8-bit GPIB data port, 
used for bidirectional data byte 
transfer between 8291 and GPIB 
via non-inverting external line 
transceivers. 


DW 


36 


I/O 


Data Valid: GPIB handshake con- 
trol line. Indicates the availability 
and validity of information on the 
DIO lines. 



Symbol 


Pin 
No. 


Type 


Name and Function 


NRFD 


37 


I/O 


Not Ready for Data: GPIB hand- 
shake control line. Indicates the 
condition of readiness of device(s) 
connected to the bus to accept 
data. 


NDAC 


38 


I/O 


Not Data Accepted: GPIB hand- 
shake control line. Indicates the 
condition of acceptance of data by 
the device(s) connected to the bus. 


ATN 


26 


I 


Attention: GPIB command line. 
Specifies how data on DIO lines are 
to be interpreted. 


Tfc 


24 


I 


Interface Clear: GPIB command 
line. Places the interface functions 
in a known quiescent state. 


SRQ 


27 





Service Request: GPIB command 
line. Indicates the need for atten- 
tion and requests an interruption 
of the current sequence of events 
on the GPIB. 


REN 


25 


I 


Remote Enable: GPIB command 
line. Selects (in conjunction with 
other messages) remote or local 
control of the device. 


EOI 


39 


I/O 


End or Identify: GPIB command 
line. Indicates the end of a multiple 
byte transfer sequence or, in con- 
junction with ATN, addresses the 
device during a polling sequence. 


T/R1 


1 





External Transceivers: External 
transceivers control line. Set high 
to indicate output data/signals on 
the DIOi-DIOs and DAV lines and 
input signals on the NRFD and 
NDAC lines (active source hand- 
shake). Set low to indicate input 
data/signals on the DIOrDIOs and 
DAV lines and output signals on the 
NRFD and NDAC lines (active ac- 
ceptor handshake). 


T/R2 


2 





External Transceivers: External 
transceivers control line. Set high 
to indicate output signals on the 
EOI line. Set low to indicate ex- 
pected input signal on the EOI line 
during parallel poll. 


Vcc 


40 


P.S. 


Power Supply: Positive power 
supply (5V ± 10%). 


GND 


20 


P.S. 


Ground: Potential ground circuit. 



NOTE: 

All signals on the 8291 pins are specified with positive logic. 
However, IEEE 488 specifies negative logic on its 16 signal lines. 
Thus, the data is inverted once from D -D 7 to DIOi-DIOs and 
non-inverting bus transceivers should be used. 
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8291 SYSTEM DIAGRAM 



hi: 



MICROPROCESSOR SYSTEM BUS 



2 



DMA r- 

CONTROLLER I 
(OPTIONAL) . 





T/R2 


8291 

GPIB 

INTERFACE 


T/R1 

















NON-INVERTING 

BUS 
TRANSCEIVERS 







GENERAL PURPOSE INTERFACE BUS 



THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 

The General Purpose Interface Bus (GPIB) is defined in 
the IEEE Standard 488-1978 "Digital Interface for 
Programmable Instrumentation." Although a knowledge 
of this standard is assumed, Figure 3 provides the bus 
structure for quick reference. Also, Tables 2 and 3 
reference the interface state mnemonics and the interface 
messages respectively. Modified state diagrams for the 
8291 are presented in Appendix A. 

GENERAL DESCRIPTION 

The 8291 is a microprocessor controlled device de- 
signed to interface microprocessors e.g., 8048, 8080, 
8085, 8086 to the GPIB. It implements all of the interface 
functions defined in the IEEE 488 Standard. If an imple- 
mentation of the Standard's Controller function is 
desired, it can be connected with an Intel® 8292 to form 
a complete interface. 

The 8291 handles communication between a microproc- 
essor controlled device and the GPIB. Its capabilities in- 
clude data transfer, handshake protocol, talker/listener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel polling 
schemes. In most procedures, it does not disturb the 
microprocessor unless a byte is waiting on input or a 
byte sent on output (output buffer empty). 

The 8291 architecture includes 16 registers. Eight of these 
registers" may be written into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each of these read and write registers is for direct data 
transfers. The rest of the write registers control the various 
features of the chip, while the rest of the read registers 
provide the microprocessor with a monitor of GPI B states, 
various bus conditions, and device conditions. 



DEVICE A 

ABLE TO 

TALK, LISTEN, 

AND 

CONTROL 

(e.g. calculator) 



ABLE TO 

TALK AND 

LISTEN 

(e.g. digital 
multimeter) 



ONLY ABLE 
TO LISTEN 



(e.g. signal 
generator) 



ONLY ABLE 
TO TALK 



c 






■ c 



c 



s\ 



DATA BYTE 
TRANSFER 
CONTROL 



GENERAL 

INTERFACE 

MANAGEMENT 



DAV 

NRFD 

NDAC 

IFC 
ATN 
SRQ 
REN 
EOI 



Figure 3. Interface Capabilities and Bus Structure 
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GPIB Addressing 

Each device connected to the GPIB must have at least one 
address whereby the controller device in charge of the bus 
can configure it to talk, listen, or send status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 



second mode allows the user to implement a single 
talker/listener with a two byte address (primary address + 
secondary address). The third mode again allows for two 
distinct addresses but in this instance, they can each have 
a two-byte address. However, this mode requires that the 
secondary addresses be passed to the microprocessor for 
verification. These three addressing schemes are des- 
cribed in more detail in the discussion of the Address 
registers. 



Table 2. 
IEEE 488 Interface State Mnemonics 



Mnemonic 


State Represented 


ACDS 

ACRS 

AIDS 

ANRS 

APRS 

AWNS 


Accept Data State 
Acceptor Ready State 
Acceptor Idle State 
Acceptor Not Ready State 
Affirmative Poll Response State 
Acceptor Wait for New Cycle State 


| CACS 
] CADS 
I CAWS 
I CIDS 
I CPPS 
I CPWS 
' CSBS 
CSNS 
J CSRS 
I CSWS 
[_CTRS 


Controller Active State . 
Controller Addressed State | 
Controller Active Wait State I 
Controller Idle State I 
Controller Parallel Poll State • 
Controller Parallel Poll Wait State | 
Controller Standby State . 
Controller Service Not Requested State | 
Controller Service Requested State | 
Controller Synchronous Wait State I 
Controller Transfer State ' 


DCAS 
DCIS 
DTAS 
DTIS 

LACS 

LADS 

LIDS 

LOCS 

LPAS 

LPIS 

LWLS 

NPRS 


Device Clear Active State 
Device Clear Idle State 
Device Trigger Active State 
Device Trigger Idle State 

Listener Active State 

Listener Addressed State 

Listener Idle State 

Local State 

Listener Primary Addressed State 

Listener Primary Idle State 

Local With Lockout State 

Negative Poll Response State 



Mnemonic 


State Represented 


PACS 
PPAS 


Parallel Poll Addressed to Configure State 
Parallel Poll Active State 


PPIS 


Parallel Poll Idle State 


PPSS 
PUCS 


Parallel Poll Standby State 

Parallel Poll Unaddressed to Configure State 


REMS 


Remote State 


RWLS 


Remote With Lockout State 


SACS 
SDYS 
SGNS 


System Control Active State 
Source Delay State 
Source Generate State 


SIAS 
SIDS 


System Control Interface Clear Active State 
Source Idle State 


SMS 

SINS 
SIWS 


System Control Interface Clear Idle State 
System Control Interface Clear Not Active State 
Source Idle Wait State 


SNAS 
SPAS 


System Control Not Active State 
Serial Poll Active State 


SPIS 


Serial Poll Idle State 


SPMS 


Serial Poll Mode State 


SRAS 

SRIS 

SRNS 

SRQS 

STRS 


System Control Remote Enable Active State 
System Control Remote Enable Idle State 
System Control Remote Enable Not Active State 
Service Request State 
Source Transfer State 


SWNS 


Source Wait for New Cycle State 


TACS 


Talker Active State 


TADS 


Talker Addressed State 


TIDS 


Talker Idle State 


TPIS 


Talker Primary Idle State 



- The Controller function is implemented on the Intel® 8292. 
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Table 3. 
IEEE 488 Interface Message Reference List 



Mnemonic | Message 


Interface Function(s) 


LOCAL MESSAGES RECEIVED (By Interface Functions) 


*gts 


go to standby 


C 


ist 


individual status 


PP 


i Ion 


listen only 


L, LE 


Ipe 


local poll enable 


PP 


nba 


new byte available 


SH 


pon 


power on 


SH.AH.T.TE.L.LE.SR.RL.PP.C 


rdy 


ready 


AH 


*rpp 


request parallel poll 


C 


*rsc 


request system control 


C 


rsv 


request service 


SR 


rtl 


return to local 


RL 


*sic 


send interface clear 


C 


*sre 


send remote enable 


C 


*tca 


take control asynchronously 


C 


*tcs 


take control synchronously 


AH, C 


ton 


talk only 


T, TE 


REMOTE MESSAGES RECEIVED 


ATN 


Attention 


SH,AH,T,TE.L.LE,PP,C 


DAB 


Data Byte 


(Via L, LE) 


DAC 


Data Accepted 


SH 


DAV 


Data Valid 


AH 


DCL 


Device Clear 


DC 


END 


End 


(via L, LE) 


GET 


Group Execute Trigger 


DT 


GTL 


Go to Local 


RL 


IDY 


Identify 


L.LE.PP 


IFC 


Interface Clear 


T,TE,L,LE,C 


LLO 


Local Lockout 


RL 


MLA 


My Listen Address 


L,LE,RL,T,TE 


MSA 


My Secondary Address 


TE.LE.RL 


MTA 


My Talk Address 


T.TE.L.LE 


OSA 


Other Secondary Address 


TE 


OTA 


Other Talk Address 


T, TE 


PCG 


Primary Command Group 


TE,LE,PP 


f PPC 


Parallel Poll Configure 


PP 


, Ti.ppD) 


Parallel Poll Disable 


PP 


f[PPE] 


Parallel Poll Enable 


PP 


*PPR N 


Parallel Poll Response N 


(via C) 


tPPU 


Parallel Poll Unconfigure 


PP 


REN 


Remote Enable 


RL 


RFD 


Ready for Data 


SH 


RQS 


Request Service 


(via L, LE) 


[SDC] 


Select Device Clear 


DC 


SPD 


Serial Poll Disable 


T.TE 


SPE 


Serial Poll Enable 


T; TE 


*SQR 


Service Request 


(via C) 


STB 


Status Byte 


(via L, LE) 


*TCTor [TCT] 


Take Control 


C 


UNL 


Unlisten 


L, LE 



These messages are handled only by Intel's 8292. 

fUndefined commands which may be passed to the microprocessor. 
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Table 3. (Continued) 
IEEE 488 Interface Message Reference List 



Mnemonic 


Message 


** Interface Function(s) 


REMOTE MESSAGES SENT 


ATN 


Attention 


C 


DAB 


Data Byte 


(via T, TE) 


DAC 


Data Accepted 


AH 


DAV 


Data Valid 


SH 


DCL 


Device Clear 


(via C) 


END 


End 


(viaT) 


GET 


Group Execute Trigger 


(via C) 


GTL 


Go to Local 


(via C) 


IDY 


Identify 


C 


IFC 


Interface Clear 


C 


LLO 


Local Lockout 


(via C) 


MIA or [MLA] 


My Listen Address 


(via C) 


MSA or [MSA] 


My Secondary Address 


(via C) 


MTA or [MTA] 


My Talk Address 


(via C) 


OSA 


Other Secondary Address 


(via C) 


OTA 


Other Talk Address 


(via C) 


PCG 


Primary Command Group 


(via C) 


PPC 


Parallel Poll Configure 


(via C) 


[PPD] 


Parallel Poll Disable 


(viaC) 


[PPE] 


Parallel Poll Enable 


(via C) 


PPRn 


Parallel Poll Response N 


PP 


PPU 


Parallel Poll Unconfigure 


(via C) 


REN 


Remote Enable 


C 


RFD 


Ready for Data 


AH 


RQS 


Request Service 


T, TE 


[SDC] 


Selected Device Clear 


(via C) 


SPD 


Serial Poll Disable 


(via C) 


SPE 


Serial Poll Enable 


(via C) 


SRQ 


Service Request 


SR 


STB 


Status Byte 


(via T, TE) 


TCT 


Take Control 


(via C) 


UNL 


Unlisten 


(via C) 



*AII Controller messages must be sent via Intel's 8292. 
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8291 Registers 

A bit-by-bit map of the 16 registers on the 8291 is 
presented in Table 3. A more detailed explanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the CS, RD, WR, and RS0-RS2 pins. 



Register 



All Read Registers 
All Write Registers 
Don't Care 



CS RD WR RS0-RS2 

1 ccc 

1 ccc 

1 X X XXX 



Table 4. 8291 Registers 







READ REGISTERS 


REGISTER SELECT 
CODE 

RS2 RS1 RSO 


1 

1 

11 

1 
1 1 
1 1 

1 1 1 






WRITE REGISTERS 




Di7 


DI6 


DI5 


DI4 


DI3 


DI2 


DM 


DIO 


D07 


D06 


D05 


D04 


D03 


D02 


D01 


DOO 






DATA IN 






DATA OUT 




CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 






INTERRUPT STATUS 1 






INTERRUPT ENABLE 1 




INT 


SPAS 


LLO 


REM 


SPASC 


LLOC 


REMC 


ADSC 








DMAO DMAI 


SPASC 


LLOC 


REMC 


ADSC 






INTERRUPT STATUS 2 






INTERRUPT ENABLE 2 




S8 


SRQS 


S6 


S5 


S4 


S3 


S2 


S1 


S8 


rsv 


S6 


S5 


S4 


S3 


S2 


S1 






SERIAL POLL STATUS 






SERIAL POLL MODE 




ton 


Ion 


EOl 


LPAS 


TPAS 


LA 


TA 


MJMN 


TO 


L0 














ADM1 


ADMO 






ADDRESS STATUS 






ADDRESS MODE 




CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPTO 


CNT2 


CNT1 


CNTO 


COM4 


COM3 


COM2 


COM1 


COMO 






COMMAND PASS THROUGH 






AUXMODE 




X 


DTO 


DLO 


AD5 


AD4-0 


AD30 


AD2-0 


AD1-0 


ARS 


DT 


DL 


AD5 


AD4 


AD3 


AD2 


AD1 






ADDRESS 






ADDRESS 0/1 




X 


DT1 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


AD1-1 


EC7 


EC6 


EC5 


EC4 


EC3 


EC2 


EC1 


ECO 






ADDRESS 1 






EOS 





Data Registers 



DI7 


DI6 


DI5 


DI4 


DI3 


DI2 


DM 


DIO 


DATA-IN REGISTER (OR) 


D07 


D06 


D05 


D04 


D03 


D02 


D01 


DOO 



DATA-OUT REGISTER (OW) 

The data-in register is used to move data from the GPI B to 
the microprocessor or to memory when the 8291 is 



addressed to listen. Incoming information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD (Ready for 
Data) message is held false until the byte is removed from 
the data in register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati- 
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshake is not finished until a command is sent 
telling the 8291 to release the holdoff. In this way, the same 
byte may be read several times, or an over anxious talker 
may be held off until all available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 



RFD/DAV holdoff mode is in effect, data is held until the 
release command is issued. Also, a read of the data-in 
register does not destroy the information in the data-out 
register. 



Interrupt Registers 



CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


INTERRUPT STATUS 1 (1R) 


INT 


SPAS 


LLO 


REM 


SPASC 


LLOC 


REMC 


ADSC 



INTERRUPT STATUS 2 (2R) 



CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


INTERRUPT ENABLE 1 (1W) 








DMAO DMAI 


SPASC 


LLOC 


REMC 


ADSC 



INTERRUPT ENABLE 2 (2W) 



The 8291 can be configured to generate an interrupt to the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine (if 
necessary). Each of the 12 interrupt status bits has a 
matching enable bit in the interrupt enable registers. 
These enable bits are used to select the events that will 
cause the INT pin to be asserted. Writing a logic "1" into 
any of these bits enables the corresponding interrupt 
status bits to generate an interrupt. Bits in the Interrupt 



Status registers are set regardless of the states of the 
enable bits. The Interrupt Status registers are then 
cleared upon being read or when a local pon (power-on) 
message is executed. If an event occurs while one of the 
Interrupt Status registers is being read, the event is 
typically held until after its register is cleared and then 
placed in the register. 

The mnemonics for each of the bits in these registers and a 
brief description of their respective functions appears in 
Table 5. This table also indicates how each of the interrupt 
bits is set. 



Table 5. Interrupt Bits 



Indicates Undefined Commands 
Set by (TPAS+ LPAS)»SCG«ACDS«MODE 3 

Set by DTAS 

Set by(EOS+EOI)«LACS 

Set by DCAS 

Set by TACS«nba»DAORFD 

TACS»(SWNS + SGNS) 
Set by LACS.ACDS 

Shows status of the INT pin 

The device has been enabled for a serial poll 

The device is in local lock out state. 
(LWLS+RWLS) 

The device is in a remote state. 
(REMS+RWLS) 

SPAS^PAS 

LLOJSO LLO 

Remote_J.ocal 

Addressed Unaddressed 



CPT 



APT 



GET 



END 



DEC 



ERR 



BO 



Bl 



INT 



SPAS 



LLO 



REM 



SPASC 



LLOC 



REMC 



ADSC 



An undefined command has been received. 

A secondary address must be passed through 
to the microprocessor for recognition, 

A group execute trigger has occurred. 

An EOS or EOI message has been received. 

Device Clear Active State has occurred. 

Interface error has occurred; no listeners 
are active. 

A byte should be output.* 

A byte has been input. 



These are status only. They will not generate 
interrupts, nor do they have corresponding 
mask bits. 



Serial Poll Active State change interrupt .* 
Local lock out change interrupt. 
Remote/Local change interrupt. 
Address status change interrupt.* 



tsee section on 8291 A compatibility. 

*ln ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated. 
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The BO and Bl interrupts enable the user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB or the 8291 has been addressed to talk. A new 
data byte may be written into the Data Out register, ft is set 
by the occurrence of TACS • (SWIMS + SGNS). Hence, it is 
reset when a data byte is written into the Data Out register, 
when ATN is asserted on the GPIB, or when the device 
stops being addressed to talk. Similarly, Bl is set when an 
input byte is accepted into the 8291 and reset when the 
microprocessor reads the Data In register. BO and Bl are 
also reset by pon (power-on local message) and by a read 
of the Interrupt Status 1 register. However, if it is so 
desired, data transfer cycles may be performed without 
reading the Interrupt Status 1 register if all interrupts 
except for BO or Bl are enabled; BO and Bl will 
automatically reset after each byte is transferred. 

If the 8291 is used without DMA, the BO and Bl interrupts 
may be enabled through the DREQ pin. The DMAO and 
DMAI bits in the Interrupt Enable 2 register would be the 
corresponding enable bits for this feature. Thus, imple- 
menting this feature, with BO and Bl enabled from the 
INT pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers. 

The ERR bit is set to indicate the bus error condition where 
the 8291 is an active talker, tries sending a byte to the 
GPIB, but there are no active listeners (e.g., all devices on 
the GPIB are in AIDS). The logical equivalent of (nba • 
TACS • DAC • RFD) will set this bit. 

The DEC bit is set whenever DCAS has occurred. The user 
must define a known state to which all device functions 
will return in DCAS. Typically this state will be a power-on 
state. However, the state of the device functions at DCAS 
is at the designer's discretion. It should be noted that 
DCAS has no effect on the interface functions which are 
returned to a known state by the IFC (interface clear) 
message or the pon local message. 

The END Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active, listener 
(LACS) and either EOS or EOI is received. EOS will 
generate an interrupt when the byte in the Data In regis- 
ter matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOI pin of the 8291. 

The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message is received while it is addressed to lis- 
ten. The TRIG output pin of the 8291 is also asserted 
when the GET message is received. Thus, the basic 
operation of the device may be started without involving 
the microprocessor. 

The APT interrupt bit indicates to the processor that a 
secondary address is available in the CPT register for 
validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on 
addressing.) In Mode 2, secondary addresses will be 
recognized on the 8291. They will be ignored in Mode 1. 



The CPT interrupt bit flags the occurrence of an unde- 
fined command and of all secondary commands follow- 
ing an undefined command. The Command pass 
through feature is enabled by the BO bit of Auxiliary 
register B. 

UDC = [UCG + ACG(TADS«PPC 
+ LADS«TCT)]«undefined»BO 
where: 
ACG — Addressed Command Group 
UCG — Universal Command Group 
SCG — Secondary Command Group 

Any message not decoded by the 8291 (not included in the 
state diagrams in Appendix B) becomes an undefined 
command. Note from the logic equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 

Undefined commands are read by the CPU from the 
Command Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if the CPT feature is enabled). 

An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding enabie 
bits, will cause an interrupt upon changes in the follow- 
ing states as defined in IEEE 488: 

Bit ADSC change in LIDS or TIDS or MJMN 

Bit 1 RLC change in LOGS or REMS 

Bit 2 LLOC change in LWLS or RWLS 

. Bit 3 SPASC change in SPAS 

The upper 4 bits of the Interrupt Status 2 register are 
available to the processor as status bits. Thus, if one of the 
bits 1-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7) 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status (bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all enabled interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available 
only to be read as status bits by the processor. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Enable 2 
Register are available to enable direct data transfers 
between memory and the GPIB, DMAI (DMA in) enables 
the DREQ (DMA request) pin of the 8291 to be asserted 
upon the occurrence of Bl. Similarly, DMAO (DMA out) 
enables the DREQ pin to be asserted upon the occurrence 
of BO. One might note that the DREQ pin may be used as 
a second interrupt output pin, monitoring Bl and/or BO 
and enabled by DMAI and DMAO. One should note that 
the DREQ pin is not affected by a read of the Interrupt 
Status 1 Register. It is reset whenever a byte is written to 
the Data Out Register or read from the Data In Register. 

To ensure that an interrupt status bit will not be cleared 
without being read, and will not remain uncleared after 
being read, the 8291 implements a special interrupt 
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handling procedures. When an enabled interrupt bit is 
set in either of the Interrupt Status Registers, the input 
of the registers are blocked until the set bit is read and 
reset by the microprocessor. Thus, potential problems 
arise when interrupt status changes while the register is 
being blocked. However, the 8291 stores all new inter- 
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 



has been reset. In the Interrupt Status 1 Register and in 
ADSC bit, this transfer takes place only if the correspon- 
ding bits were read as zeroes. For the other status 
change bits in the Interrupt Status 2 Register, the 
transfer will always take place. However, even number 
of changes in these status bits during blocking time will 
cause no interrupt. 



Serial Poll Registers 



S8 


SRQS 


S6 


S5 


S4 


S3 


S2 


S1 



SERIAL POLL STATUS (3R) 

The Serial Poll Mode Register is used to establish the 
status byte that the 8291 sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) message. Bit 
6 of this register is reserved for the rsv (request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRQ line, indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted, the bit should be cleared by the 
microprocessor. The other bits of this register are 
available for sending status information over the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 



S8 


rsv 


S6 


S5 


S4 


S3 


S2 


S1 



SERIAL POLL MODE (3W) 

talk. At this point, one byte of status is returned by the 8291 
via the Serial Poll Mode Register. 

The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll Mode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SRQS (Service 
Request State). When a Serial Poll is conducted and the 
controller-in-charge reads the status byte, the SRQS bit is 
cleared. The SRQ line is tied to this bit, so that a request for 
service is terminated when the 8291 's status byte is read. 
The rsv bit of the Serial Poll Mode Register must then be 
cleared by the microprocessor. 



Address Registers 



ton 


Ion 


EOI 


LPAS 


TPAS 


LA 


TA 


MJMN 


ADDRESS STATUS (4R) 


X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 


ADDRESS (6R) 


X 


DT1 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


AD1-1 



TO 


LO 














ADM1 


ADMO 


ADDRESS MODE (4W) 


ARS 


DT 


DL 


AD5 


AD4 


AD3 


AD2 


AD1 



ADDRESS 0/1 (6W) 



ADDRESS 1 (7R) 



The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291. It determines 
the way in which the 8291 uses the information in the 
Address and Address 1 registers: 

—In Mode 1, the contents of the Address Register 
constitute the "Major" talker/listener address while the 
Address 1 Register represents the "Minor" talker/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an addres via 
the Address 0/1 Register into Address Registers and 1 
enables the major and minor talker/listener functions 
respectively. 

—In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in order to enable the device to talk 
or listen. In this manner, Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 



To use Mode 2 addressing the primary address must be 
loaded into the Address Register, and the Secondary 
address is placed in the Address 1 Register. With both 
primary and secondary addresses residing on chip, the 
8291 can handle all addressing sequences without 
processor intervention. 

—In Mode 3, the 8291 handles addressing just as it does in 
Mode 1 , except that each Major or Minor primary address 
must be followed by a secondary address. All secondary 
addresses must be verified by the microprocessor when 
Mode 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state), and it does not 
recognize the byte on the DIO lines, an APT interrupt is 
generated (see section on Interrupt Registers) and the 
byte is available in the CPT (Command Pass-Through) 
Register. As part of its interrupt service routine, the 
microprocessor must read the CPT Register and write one 
of the following responses to the Auxiliary Mode Register: 

1. 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 
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Setting the "ton" bit generates the local ton (talk-only) 
message and sets the 8291 to a talk-only mode. This mode 
allows the device to operate as a talker in an interface 
system without a controller. 

Setting the "Ion" bit generates the local Ion (listen-only) 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener in an 
interface system without a controller. 

The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: 



Register Contents 

10000000 
01000000 
11000000 
00000001 
00000010 
00000011 



Mode 

Enable talk only mode (ton) 
Enable listen only mode (Ion) 
The 8291 may talk to itself 
Mode 1, (Primary-Primary) 
Mode 2 (Primary-Secondary) 
Mode 3 (Primary/APT-Primary/APT) 



The Address Status Register contains information used by 
the microprocessor to handle its own addressing. This 
information includes status bits that monitor the address 
state of each talker/listener, "ton" and "Ion" flags which 
indicate the talk only and listen only states, and an EOi bit 
which, when set, signifies that the END message came 
with the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. The 
microprocessor can then use these bits when the 
secondary address is passed through to determine 
whether the 8291 is addressed to talk or listen. The LA 
(listener addressed) bit will be set when the 8291 is in 
LACS (Listener Active State) or in LADS (Listener 
Addressed State). Similarly, theTA (Talker Addressed bit 
will be set to indicate TACS or TADS, but also to indicate 
SPAS (Serial Poll Active State). The MJMN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to "1 " 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
one time. Thus, the MJMN bit will indicate which, if either, 
of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected in 
the Address Mode Register. Five bit addresses may be 
loaded into the Address and Address 1 registers by 
writing into the Address 0/1 Register. The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into. The DT and DL bits may be used to disable 
the talker or listener function at the address signified by 
the other five bits. When Mode 1 addressing is used and 
only one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 

As an example of how the Address 0/1 Register might be 
used, consider an example where two primary addresses 
are needed in the device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 is formed by the following 
sequence of writes by the microprocessor: 



Operation 


CS 


RD 


WR 


Data 


RS2-RS0 


1. Select addressing Mode 1 





1 





00000001 


100 


2. Load major address into 
Address Register with 
listener function disabled. 





1 





001AAAAA 


110 


3. Load minor address into 
Address 1 Register with 
talker function disabled. 





1 





110BBBBB 


110 



At this point, the addresses AAAAA and BBBBB are stored 
in the Address and Address 1 registers respectively, and 
are available to be read by the microprocessor. Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene in the addressing sequence. 



Command Pass Through Register 



CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPT0 



COMMAND PASS THROUGH (5R) 



The Command Pass Through Register is used to transfer 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature is enabled 
(bit B0 in Auxiliary Register B), any message not de- 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshake until the 
microprocessor reads this register and issues the 
VSCMD auxiliary command. 

The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register. The details of these interrupts are explained 
in the section on Interrupt Registers. 

An added feature of the 8291 is its ability to handle 
undefined secondary commands following undefined 
primaries. Thus, the number of available commands for 
future IEEE 488 definition is increased; one undefined 
primary command followed by a sequence of as many as 
32 secondary commands can be processed. The IEEE-488 
Standard does not permit users to define their own 
commands, but upgrades of the standard are thus 
provided for. 

The recommended use of the 8291 's undefined command 
capabilities is for a controller-configured Parallel Poll. 
The PPC message is an undefined primary command 
typically followed by PPE, an undefined secondary 
command. For details on this procedure, refer to the 
section on Parallel Poll Protocol. 
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Auxiliary Mode Register 



4-Bit Code 



CNT2 


CNT1 


CNTO 


COM4 


COM3 


COM2 


COM1 


COMO 



AUX MODE (5W) 

CNTO— 2:CONTROL BITS 
COMO— 4:COMMAND BITS 

The Auxiliary Mode Register contains a three-bit control 
field and a five-bit command field. It is used for several 
purposes on the 8291: 

1. To load "hidden" auxiliary registers on the 8291. 

2. To issue commands from the microprocessor to the 
8291. 

3. To preset an internal counter used to generate T1, 
delay in the Source Handshake function, as defined in 
IEEE 488. 

Table 5 summarizes how these tasks are performed with 
the Auxiliary Mode Register. Note that the three control 
bits determine how the five command bits are interpreted. 

Table 6 



CODE 


COMMAND 


CONTROL 
BITS 


COMMAND 
BITS 


000 
001 

100 
101 
011 


occcc 

0FFFF 

DDDDD 

0DDDD 

USP3P2P1 


Execute auxiliary command 

CCCC 

Preset internal counter to 

match external clock 

frequency of FFFF MHz 

(FFFF - binary representation 

of 1 to 8 MHz) 

Write DDDDD into auxiliary 

register A 

Write DDDD into auxiliary 

register B 

Enable/disable parallel poll 

either in response to remote 

messages (PPC followed by 

PPE or PPD) or as a local 

Ipe message. (Enable if U = 0, 

disable if U=1.) 



AUXILIARY COMMANDS 

Auxiliary commands are executed by the 8291 whenever 
0000CCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4-bit command code. 



4-Bit Code 



0000 



Description 



Immediate Execute pon — This command re- 
sets the 8291 to a power up state (local pon 
message as defined in IEEE 488). 
The following conditions constitute the power 
up state: 

1. All talkers and listeners are disabled. 

2. No interrupt status bits are set. 



0010 



0011 



0100 



0101 



0110 



0111, 1111 



0001, 1001 



Description 



The 8291 is designed to power up in certain 
states as specified in the IEEE 488 state dia- 
grams. Thus, the following states are in effect 
in the power up state: SIDS, AIDS, TIDS, LIDS, 
NPRS, LOCS, and PPIS. 

The "0000" pon is an immediate execute 
command (a pon pulse). It is also used to 
release the "initialize" state generated by 
either an external reset pulse or the "0010" 
Chip Reset command. 

Chip Reset (Initialize) — This command has 
the same effect as a pulse applied to the Reset 
pin. (Refer to the section on Reset Procedure.) 

Finish Handshake — This command finishes a 
handshake that was stopped because of a 
holdoff on RFD or DAV. (Refer to Auxiliary 
Register A.) 

Trigger — A "Group Execute Trigger" is 
forced by this command. It has the same effect 
as a GET command issued by the controller- 
in-charge of the GPIB, but does not cause a 
GET interrupt. 

rtl+ — This command corresponds to the local 
rtl message as defined in IEEE 488. The 8291 
will go to a local state if local lockout is not in 
effect. 

Send EOI — The EOI line of the 8291 may be 
asserted with this command. The command 
causes EOI to go true with the next byte trans- 
mitted. The EOI line is then cleared upon com- 
pletion of the handshake for that byte. 

Non-Valid/Valid Secondary Address or 
Command (VSCMD) — This command in- 
forms the 8291 that the secondary address re- 
ceived by the microprocessor was valid or 
invalid (0111 -* invalid, 1111 -valid). If Mode3 
addressing is used, the processor must field 
each extended address and respond to it, or 
the GPIB will hang up. Note that the COM3 bit 
is the invalid/valid flag. 

The valid (1111) command is also used to tell 
the 8291 to continue from the command-pass- 
through state (immediate execute command). 

Parallel Poll Flag (local "ist" message) —This 
command sets (1001) or clears (0001) the 
parallel poll flag. A "1" is sent over the 
assigned data line (PPR-Parallel Poll Re- 
sponse true) only if the parallel poll flag 
matches the sense bit from the Ipe local 
message (or indirectly from the PPE mess- 
age). For a more complete description of the 
Parallel Poll features and procedures refer to 
the section on Parallel Poll Protocol. 



tsee section on 8291 A compatibility. 
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INTERNAL COUNTER 

The internal counter determines the delay time allowed 
for the settling of data on the DIO lines. This delay time 
is defined as T-i in IEEE 488 and appears in the Source 
Handshake state diagram between SDYS and STRS. As 
such, DAV is asserted T-| after the DIO lines are driven. 
Consequently, T 1 is a major factor in determining the 
data transfer rate of the 8291 over the GPIB 
(Ti = TWRDV2-TWRD15). 

When open-collector transceivers are used for connection 
to the GPIB, Ti is defined by IEEE 488 to be 2/usec. By 
writing 0010FFFF into the Auxiliary Mode Register, the 
counter is preset to match a fc MHz clock input, where 
FFFF is the binary representation of Nf (1<Nf<8, 
Nf=(FFFF)2). When Nf = fc, a 2/usec Ti delay will be 
generated before each DAV asserted. 



' 1(Msec) = 



2N F 
fn 



+ t SY NC - 1 ^ N F<8 



tsYNC is a synchronization error, greater than zero and 
smaller than the larger of T clock high and T clock low. 
(For a 50% duty cycle clock, tsYNC is less than half the 
clock cycle). 

If it is necessary that Ti be different from 2/zsec, Nf may 
be set to a value other than fc. In this manner, data transfer 
rates may be programmed for a given system. In small 
systems, for example, where transfer rates exceeding 
GPIB specifications are required, one may set Nf < fc and 
decrease Ti. 

When tri-state transceivers are used, IEEE 488 allows a 
higher transfer rate (lower Ti ). Use of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.ln this case, setting Nf = fc causes a Ti delay of 2/usec to 
be generated for the first byte transmitted — all 
subsequent bytes will have a delay of 500 nsec. 

Nf 
Ti(High Speed) fisec = — + tsYNC 

Thus, setting Nf = 1 using a 8 MHz clock will generate for a 
50% duty cycle clock (tsYNC<63 nsec): 

T "i(HS) =^rz+ 0.063 = 125 nsec max. 



AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register which is 
used to enable some of the 8291 features. Whenever a 
100 A4A3A2A1A0 byte is written into the Auxiliary Register, 
it is loaded with the data A4A3A2A1A0. Setting the 
respective bits to "1" enables the following features: 

Ao — RFD/DAV Holdoff on all Data: If the 8291 is listening, 
RFD will not be sent true until the "finish handshake" 
auxiliary command is issued by the microprocessor. If the 
8291 is talking, DAV is not sent true until the "finish 
handshake" command is given. In both cases, the holdoff 
will be in effect for each data byte. 

A1 — RFD/DAV Holdoff on End: This feature enables the 
holdoff on EOI or EOS (if enabled). However, no holdoff 
will be in effect on any other data bytes. 



A2 — End on EOS Received: Whenever the byte in the Data 
In Register matches the byte in the EOS Register, the End 
interrupt bit willbe set in the Interrupt Status 1 Register. 

A3 — Output EOI on EOS Sent: Any occurrence of data in 
the Data Out Register matching the EOS Register causes 
the EOI line to be sent true along with the data. 

A4 — EOS Binary Compare: Setting this bit causes the 
EOS Register to function as a full 8-bit word. When it is not 
set, the EOS Register is a 7-bit word (for ASCII 
characters). 

If Ao = A1 = 1 , a special "continuous Acceptor Handshake 
cycling" mode is enabled. This mode should be used only 
in a controller system configuration, where both the 8291 
and the 8292 are used. It provides a continuous cycling 
through the Acceptor Handshake state diagram, requiring 
no local messages from the microprocessor; the rdy local 
message is automatically generated when in ANRS. As 
such, the 8291 Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without delaying 
the data transfer in progress. When the tcs local message 
is executed, the 8291 is taken out of the "continuous AH 
cycling" mode, the GPIB hangs up in ANRS, and a Bl 
interrupt is generated to indicate that control may be 
taken. A simpler procedure may be used when a "tcs on 
end of biock" is executed; the 8291 may stay in 
"continuous AH cycling". Upon the end of a block (EOI or 
EOS received), a holdoff is generated, the GPIB hangs up 
in ANRS, and control may be taken. 



AUXILIARY REGISTER B 

Auxiliary Register B is a "hidden" 4-bit register which is 
used to enable some of the features of the 8291 . Whenever 
a IOIOB3B2B1B0 is written into the Auxiliary Mode 
Register, it is loaded with the data B3B2B1B0. Setting the 
respective bits to "1" enables the following features: 

Bo — Enable Undefined Command Pass Through: This 
feature allows any commands not recognized by the 8291 
to be handled in software. If enabled, this feature will 
cause the 8291 to holdoff the handshake when an 
undefined command is received. The microprocessor 
must then read the command from the Command Pass 
Through Register and send the VSCMD auxiliary 
command. Until the VSCMD command is sent, the 
handshake holdoff will be in effect. 

B1 — Send EOI in SPAS: This bit enables EOI to be sent 
with the status byte; EOI is sent true in Serial Poll Active 
State. Otherwise, EOI is sent false in SPAS. 

B2 — Enable High Speed Data Transfer: This feature may 
be enabled when tri-state external transceivers are used. 
The data transfer rate is limited by Ti (delay time 
generated in the Source Handshake function), which is 
defined according to the type of transceivers used. When 
the "High Speed" feature is enabled, Ti = 2 microseconds 
is generated for the first byte transmitted after each true to 
false transition of ATN. For all subsequent bytes, Ti = 500 
nanoseconds. Refer to the Internal Counter section for an 
explanation of Ti duration as a function of B2 and of clock 
frequency. 
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B3 — Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 
output signal compatible with Intel's MCS-48™. Interrupt 
registers are not affected by this bit. 

PARALLEL POLL PROTOCOL 

Writing a 011USP 3 P 2 Pi into the Auxiliary Mode Register 
will enable (U = 0) or disable (U = 1) the 8291 for a parallel 
poll. When U = 0, this command is the "Ipe" (local poll 
enable) local message as defined in IEEE 488. The "S" bit 
is the sense in which the 8291 is enabled; only if the 
Parallel Poll Flag ("ist" local message) matches this bit 
will the Par allel Po ll Response, PPRn, be sent true 
(Response=S©ist). The bits P3P2P1 specify which of 
the eight data lines PPRn will be sent over. Thus, once 
the 8291 has been configured for Parallel Poll, whenever 
it senses both EOI and ATN true, it will automatically 
compare its PP flag with the sense bit and send PPR N 
true or false according to the comparison. 

If a PP2* implementation is desired, the "Ipe" and "ist" 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel Poll immediately after 
initialization. During normal operation the micro- 
processor will set or clear the Parallel Poll Flag (ist) 
according to the device's need for service. Consequently 
the 8291 will be set up to give the proper response to IDY 
(EOI • ATN) without directly involving the micropro- 
cessor. 

If a PP1* implementation is desired, the undefined 
command features of the 8291 must be used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
controller on the GPIB. The sequence at the 8291 being 
enabled or disabled remotely is as follows: 

1. The PPC message is received and is loaded into the 
Command Pass Through Register as an undefined 
command. A CPT interrupt is sent to the microproc- 
essor, the handshake is automatically held off. 

2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake. 

3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary com- 
mand (the PPE or PPD message). This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 

4. The microprocessor reads the PPE or PPD message 
and writes the command into the Auxiliary Mode 
Register (bit 7 should be cleared first). Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 



*As defined in IEEE Standard 488. 



End of Sequence (EOS) Register 



EC7 


EC6 


EC5 


EC4 


EC3 


EC2 


EC1 


ECO 



EOS REGISTER 

The EOS Register and its features offer an alternative to 
the "Send EOI" auxiliary command. A seven or eight bit 
byte (ASCII or binary) may be placed in the register to flag 
the end of a block or read. The type of EOS byte to be used 
is selected in Auxiliary Register bit A4. 

If the 8291 is a listener, and the "End on EOS Received" is 
enabled at bit A2, then an End interrupt is generated in the 
Interrupt Status 1 Register whenever the byte in the Data- 
in Register matches the byte in the EOS Register. 

If the 8291 is a talker, and the "Output EOI on EOS Sent" is 
enabled at bit A3, then the EOI line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 

Reset Procedure 

The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 

1. A"pon" local message as defined by IEEE 488 is held 
true until the initialization state is released. 

2. The Interrupt Status Registers are cleared (not 
Interrupt Enable Registers). 

3. Auxiliary Registers A and B are cleared. 

4. The Serial Poll Mode Register is cleared. 

5. The Parallel Poll Flag is Cleared. 

6. The EOI bit in the Address Status Register is cleared. 

7. N F in the Internal Counter is set to 8 MHz. This set- 
ting causes the longest possible t-| delay to be 
generated in the Source Handshake (16 /isec for 1 
MHz clock). 

8. The rdy local message is sent. 

The initialization state is released by an "immediate ex- 
ecute pon" command (00H written into the Auxiliary 
Command Register). 
The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the In- 
terrupt Enable, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the "immediate execute pon" auxiliary command 
to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used the 
"Ipe" local message may be sent, enabling the 8291 
for a Parallel Poll Response on an assigned line. (Refer 
to the section on Parallel Poll Protocol.) 
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Using DMA 

The 8291 may be connected to the Intel® 8237 or 8257 
DMA Controllers for DMA operation. The DREQ pin of 
the 8291 requests a DMA byte transfer from the 8237. It 
is set by BO or Bl flip flops, enabled by the DMAO and 
DMAI bits in the Interrupt Enable 2 Register. (After read- 
ing, the INT1 register BO and Bl interrupts will be 
cleared but not BO and Bl in DREQ equation.) 



The DACK pin is dr iven by the 8237 in response to the 
DMA request. When DACK is true (active low) it sets C§= 
RS0=RS1 = RS2 = such that the RD and WR signals 
sent by the 8237 refer to the Data In and Dat a Out Regis- 
ters. Also, the DMA request line is reset by DACK. 

DMA input sequence: 

1. A data byte is accepted from the GPIB by the 8291. 

2. A Bl in terrupt is generated and DREQ is set. 

3. DACK is asserted by the 8237 and DREQ is reset. 

4. RD is driven by the 8237 and the contents of the Data 
In Register are transferred to MCS™ bus. 

5. The 8291 sends RFD true on the GPIB and proceeds 
with the Acceptor Handshake protocol. 

DMA output sequence: 

1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DREQ is asserted. 

2. DACK is asserted by the 8237 and DREQ is reset. 

3. WR is driven by the 8237 and a byte is transferred from 
the MCS bus into the Data Out Register. 

4.The 8291 sends DAV true on the GPIB and proceeds with 
the Source Handshake protocol. 

It should be noted that each time the device is addressed, 
the Address Status Register should be read, and the 8237 
should be initialized accordingly. (Refer to the 8237 or 
8257 Data Sheets.) 

System Configuration 

Microprocessor Bus Connection 

The 8291 is 8080, 8048, 8085, 8088, and 8086 compatible. 
The three address pins (RSo, RSi, RS2) should be 
connected to the non-multiplexed address bus (for 
example: As, Ag, A10). In case of 8080, any address lines 
may be used. 

External Transceivers Connection 

The 8293 GPIB Transceiver interfaces the 8291 directly to 
the IEEE-488 bus. The 8291 and two 8293's can be con- 
figured as a talker/listener (see Figure 2) or as with the 
8292 as a talker/listener/controller (see Figure 3). Ab- 
solutely no active or passive external components are re- 
quired to comply with the complete IEEE-488 electrical 
specification. 



8291 to 8291 A Software Compatibility 

Intel will be improving the 8291 by manufacturing an 
8291A. To maintain software compatibility between the 
8291 and the 8291A, the following precautions should 
be taken in the 8291 software: 



1. BO interrupt indicates that the 8291 is ready to talk 
and needs a byte to output via the source handshake. 
The software should ensure that BO is true before 
writing a byte to the Data Out Register (even for the 
first byte after being addressed to talk). 

2. SPASC interrupt should not be used during a Serial 
Poll sequence to determine when the Status Byte has 
been issued after a Service Request. 

Before setting rsv, SPAS in register 2 should be zero. 
After setting rsv, the processor should poll the SRQS 
bit in register 3, and when it is clear the Status Byte 
has been issued. The processor should then write an 
rsv local message clearing rsv. 

The definition of the SPASC interrupt will change in 
the 8291 A. SPASC (Serial Poll Active State Change) in 
the 8291 is set by a transition into or out of SPAS. 
SPASC (Serial Poll Active State Complete) in the 
8291A will be set only by the actual transfer of a 
Status Byte (APRSxSTRSxSPAS). 

3. The 8291 rtl local message is set by the rtl Auxiliary 
Command and is cleared automatically by the 8291. 
The 8291A will have a Set rtl Auxiliary Command 
(1 101) and a Clear rtl Auxiliary Command (0101). Thus, 
the 8291 programmer should write a Set rtl Auxiliary 
Command followed by a Clear rtl Auxiliary Command 
which will have the effect of writing two consecutive 
rtl commands. 

4. User's software can distinguish between the 8291 
and the 8291A as follows: 

a) pon (00 H to register 5) 

b) RESET (02H to register 5) 

c) Read Interrupt Status Register 1. If BO interrupt is 
set, the device is the 8291. If BO is clear, it is the 
8291 A. 

This can be used to set a flag in the user's software 
which will permit special routines to be executed for 
each device. It could be included as part of a normal 
initialization procedure as the first step after a chip 
reset. 

The 8291A will be a significant improvement over the 
8291. Users should plan to convert to this product when 
it is available. 
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Figure 4. 8291 and 8293 System Configuration 
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Figure 5. 8291, 8292, and 8293 System Configuration 
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D.C. CHARACTERISTICS (T A = o°c to 70°C; v cc = 5V ± 10%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL=2mA (4mA for TR1 pin) 


Voh 


Output High Voltage 


2.4 




V 


IOH = -400/xA(-150)uAforSRQpin) 


VOH-INT 


Interrupt Output High Voltage 


2.4 
3.5 




V 
V 


Ioh=-400juA 
Ioh=-50/xA 


IlL 


Input Leakage 




10 


MA 


Vin=0V to Vcc 


Ilol 


Output Leakage Current 




-10 


MA 


Vout=0.45V 


Iloh 


Output Leakage Current 




10 


ma 


V0UT=VCC 


ice 


Vcc Supply Current 




180 


mA 


Ta=0°C 



A.C. CHARACTERISTICS (V cc = 5V ± 10%, Commercial: T A = 0°C to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


tAR 


Address Stable Before READ 







nsect 1 ] 


tRA 


Address Hold After READ 







nsecC] 


tRR 


READ width 


140 




nsec^ 


tAD 


Address Stable to Data Valid 




250 


nsecfl 


tRD 


READ to Data Valid 




100 


nsect 2 ! 


tRDF 


Data Float After READ 





60^ 


nsec 


tAW 


Address Stable Before WRITE 







nseel 1 ] 


tWA 


Address Hold After WRITE 









tww 


WRITE Width 


170 




nsec [1] 


tDW 


Data Set Up Time to the Trailing 
Edge of WRITE 


150 




nsed 1 ] 


tWD 


Data Hold Time After WRITE 







nsecf] 


tAKRQ 


DACKl to DREQ1 




130 


nsec 


tDKDA6 


DACKi to Up Data Valid 




200 


nsec 



NOTES: 

1 . 8080 System 

2. 8085 System 



Ci_max = 100pF; Ci_min = 15pF; 3 MHz clock. 
C L = 150pF; 4 MHz clock. 
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GP!B TIMINGS 11 



Symbol 


Parameter 


Max. 


Unit 


Test Conditions 


TEOT13 


EOll toTRU 


135 


nsec 


PPSS, ATR=0.45V 


TEODI6 


EOil to DIO Valid 


155 


nsec 


PPSS, ATN=0.45V 


TEOT12 


EOli to TR1i 


155 


nsec 


PPSS, ATN=0.45V 


TATND4 


ATNi to NDACi 


155 


nsec 


TACS, AIDS 


TATT14 


ATNi toTRIl 


155 


nsec 


TACS, AIDS 


TATT24 


ATNI to TR21 


155 


nsec 


TACS, AIDS 


TDVND3-C 


DAVl to NDACt 


650 


nsec 


AH, CACS 


TNDDV1 


NDACt to DAVt 


350 


nsec 


SH, STRS 


TNRDV2 


NRFDt to DAVl 


350 


nsec 


SH, T1 True 


TNDDR1 


NDACt to DREQ! 


400 


nsec 


SH 


TDVDR3 . 


DAVl to DREQt 


600 


nsec 


AH, LACS, ATN=2.4V 


TDVND2-C 


DAVt to NDACI 


350 


nsec 


AH, LACS 


TDVNR1-C 


DAVt to NRFDt 


350 


nsec 


AH, LACS, rdy=True 


TRDNR3 


RDIto NRFDt 


500 


nsec 


AH, LACS 


TWRDI5 


WR to DlO Valid 


250 


nsec 


SH, TACS, RS = 0.4V 


TWRDV2 


WRt to DAV4 


830 + tSYNC 


nsec 


High Speed Transfers Enabled, 
NF = fc, tsYNC= 1/2-fc 



NOTES: 

1. All GPIB timings are at the pins of the 8291. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 
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Appendix A 



MODIFIED STATE DIAGRAMS 

Figure A.1 presents the interface function state diagrams. 
It is derived from IEEE Std. state diagrams, with the 
following changes: 

A. The 8291 supports the complete set of IEEE-488 
interface functions except for the controller. These 
include: SH1 , AH1 , T5, TE5, L3, LE3, SR1 , RL1 , PP1 , DC1 , 
DT1,andC0. 

B. Addressing modes included in T,L state diagrams. 

Note that in Mode 3, MSA, OSA are generated only after 
secondary address validity check by the microprocessor 
(APT interrupt). 

C. In these modified state diagrams, the IEEE-488 con- 
vention of low true logic is followed. Thus, DAV is log- 



ically true at <0.8V and is equivalent to pin 36 on the 
8291. 

D. All remote multiline messages decoded are condi- 
tioned by ACDS. The multiplication by ACDS is not 
drawn to simplify the diagrams. 

E. The symbol 

X- 



-0 



indicates: 

1. When event X occurs, the function will return to 
state S. 

2. X overrides any other transition condition in the 
function. 

Statement 2 simplifies the diagram, avoiding the explicit 
use of X to condition all transitions from S to other states. 



DAV 




SH | 



ATN + F1 
(WITHIN t 2 ) 



F1 = TAGS + SPAS 




*THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 

t T D ELAY IS ABOUT 300 NS 
FOR DEBOUNCING DAV. 



F2 = ATN + LACS + LADS 
F3 = ATN + rdy 
T3' = T3«CPT«APT 



Figure A.1. 8291 State Diagrams (Continued next page) 
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Figure A.1. 8291 State Diagrams (Continued next page) 
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Figure A.1. 8291 State Diagrams 



Appendix B 

IEEE 488 TIME VALUES 



Time Value 
Identifier* 


Function (Applies to) 


Description 


Value 


Ti 


SH 


Settling Time for Multiline Messages 


>2 M sf 


t2 


LCIC.SH.AH.T.L 


Response to ATN 


< 200ns 


T 3 


AH 


Interface Message Accept Time + 


>08 


t4 


T.TE.L.LE.C.CE 


Response to IFC or REN False 


< 100/jS 


t5 


PP 


Response to ATN+EOI 


< 200ns 


T 6 


C 


Parallel Poll Execution Time 


>2/xs 


T 7 


C 


Controller Delay to Allow Current Talker 
to see ATN Message 


> 500ns 


T 8 


C 


Length of IFC or REN False 


> 100/jlS 


T 9 


C 


Delay for EOI** 


>1.5^n 



* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 

f If three-state drivers are used on the DIO, DAV, and EOI lines, Ti may be: 

1. > 1100ns 

2. Or > 700ns if it is known that within the controller ATN is driven by a three-state driver. 

3. Or > 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in 
accordance with (1) or (2). 

4. Or > 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in 
Section 5.2.3 and warning note. See IEEE Standard 488. 

+ Time required for interface functions to accept, not necessarily respond to interface messages. 

8 Implementation independent. 

** Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states. 

ft ^ 600ns for three-state drivers. 
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Appendix C 

THE THREE WIRE HANDSHAKE 
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*TDVND3-^ 
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Figure C-1. 3-Wire Handshake Timing at 8291 
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( START J 



SET DAV HIGH 




ERROR 
CONDITION 



PUT OR CHANGE 

DATA ON 

DATA LINES 



( END J 





NRFD SIGNAL LINES GOES HIGH 



YES ONLY WHEN ALL ACCEPTORS ARE READY 



SET DAV LOW 



DATA IS VALID AND MAY 



NOW BE ACCEPTED 




NDAC SIGNAL LINE STAYS LOW UNTIL 



SET DAV HIGH 



ALL ACCEPTORS HAVE ACCEPTED IT 



DATA IS NOT TO BE CONSIDERED 



VALID AFTER THIS TIME 




3 



SET NRFD HIGH 




ACCEPT 
DATA BYTE 



SET NRFD LOW 



SET NDAC HIGH 




FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 



Figure C.2. Handshake Flowchart 

8-300 



inteT 



8291 



[p^ioMiM^f 



Appendix D 

FUNCTIONAL PARTITIONS 



_L 



DEVICE (APPARATUS) 
INTERFACE 
FUNCTIONS 



=®= 



DEVICE 
FUNCTIONS 



#S>& 



—TV 

-J—K 



$®=^ 



=©= 



c 

(8292 ONLY) 



L 

OR 
' LE 



•--~:<J 



T 
OR TE 



-v 



K&> 



MESSAGE 
CODING 



$©= 



MCS™ 
SYSTEM 




A - CAPABILITY DEFINED BY THE 488-1978 STANDARD. 
B - CAPABILITY DEFINED BY THE DESIGNER. 

1 - INTERFACE BUS SIGNAL LINES. 

2 - REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS. 

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS. 

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 

5 - LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE 

FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE 
DESIGNER'S CHOICE). 

6 - CONTROL MESSAGES (8292 ONLY). 



Figure D.1. Functional Partition Within a Device 
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Complete IEEE Standard 488 Controller 
Function 

Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization of the Bus 

Responds to Service Requests (SRQ) 

Sends Remote Enable (REN), Allowing 
Instruments to Switch to Remote 
Control 



Complete Implementation of Transfer 
Control Protocol 

Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission in Progress 

Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller 



The 8292 GPIB Controller is a microprocessor-controlled chip designed to function with the 8291 GPIB Talker/Listener 
to implement the full IEEE Standard 488 controller function, including transfer control protocol. The 8292 is a pre- 
programmed Intel® 8041 A. 



MICROPROCESSOR SYSTEM BUS 



! i DACK 



j DMA 

| CONTROLLER 



8291 

GPIB 
TALKER/ 
LISTENER 



8292 

GPIB 

CONTROLLER 



-z^ 



^ZL 



8293 

BUS 

TRANSCEIVERS 



H 



GENERAL PURPOSE INTERFACE BUS 



IFCL C 


1 


40 


3 v C c 


XlC 


2 


39 


3 


COUNT 


X2 C 


3 


38 


3 


REN 


RESET C 


4 


37 


3 


DAV 


VccC 


5 


36 


3 


JBFJ 


cs C 


6 


35 


3 


OBFI 


GND C 


7 


34 


□ 


EOT 


RD C 


8 


33 


3 


SPI 


Ao C 
WR C 


9 32 
8292 

10 31 


3 
3 


TCI 

cic 


SYNC C 


11 


30 


3 


NC 


DO C 


12 


29 


3 


ATNO 


D1C 


13 


28 


3 


NC 


D 2 C 


14 


27 


3 


CLTH 


D3C 


15 


26 


3 


Vcc 


DaC 


16 


25 


3 


NC 


D5C 


17 


24 


3 


SYC 


DeC 


18 


23 


3 


IFC 


D7C 


19 


22 


3 


ATNl 


vssC 


20 


21 


3 


SRQ 



Figure 1. 8291, 8292 Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


IFCL 


1 


1 


IFC Received (Latched): The 8292 
monitors the IFC Line (when not 
system controller) through this pin. 


X-l, X 2 


2,3 


1 


Crystal Inputs: Inputs for a crystal, 
LC or an external timing signal to 
determine the internal oscillator 
frequency. 


RESET 


4 


1 


Reset: Used to initialize the chip to 
a known state during power on. 


CS 


6 


1 


Chip Select Input: Used to select 
the 8292 from other devices on the 
common data bus. 


RD 


8 


1 


Read Enable: Allows the master 
CPU to read from the 8292. 


Ao 


9 


1 


Address Line: Used to select be- 
tween the data bus and the status 
register during read operations and 
to distinguish between data and 
commands written into the 8292 
during write operations. 


WR 


10 


1 


Write Enable: Allows the master 
CPU to write to the 8292. 


SYNC 


11 





Sync: 8041 A instruction cycle syn- 
chronization signal; it is an output 
clock with a frequency of XTAL -h 
15. 


D -D 7 


12-19 


I/O 


Data: 8 bidirectional lines used for 
communication between the cen- 
tral processor and the 8292's data 
bus buffers and status register. 


v S s 


7,20 


P.S. 


Ground: Circuit ground potential. 


SRQ 


21 


1 


Service Request: One of the IEEE 
control lines. Sampled by the 8292 
when it is controller in charge. If 
true, SPI interrupt to the master will 
be generated. 


ATNl 


22 


1 


Attention In: Used by the 8292 to 
monitor the GPIB ATN control line. It 
is used during the transfer control 
procedure. 


iFC 


23 


I/O 


Interface Clear: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978, places all de- 
vices in a known quiescent state. 


SYC 


24 


1 


System Conroller: Monitors the 
system controller switch. 


CLTH 


27 





Clear Latch: Used to clear the IFCR 
latch after being recognized by the 
8292. Usually low (except after 
hardware Reset), it will be pulsed 
high when IFCR is recognized by 
the 8292. 


ATNO 


29 





Attention Out: Controls the ATN 
control line of the bus through ex- 
ternal logic for tcs and tea proce- 
dures. (ATN is a GPIB control line, as 
defined by IEEE Std. 488-1978.) 



Symbol 


Pin 
No. 


Type 


Name and Function 


v C c 


5, 26, 40 


P.S. 


Voltage: +5V supply input ±10%. 


COUNT 


39 


I 


Event Count: When enabled by the 
proper command the internal 
counter will count external events 
through this pin. High to low transi- 
tion will increment the internal 
counter by one. The pin is sampled 
once per three internal instruction 
cycles (7.5/Asec sample period 
when using 5 MHz XTAL). It can be 
used for byte counting when con- 
nected to NDAC, or for block count- 
ing when connected to the EOI. 


REN 


38 





Remote Enable: The Remote En- 
able bus signal selects remote or 
local control of the device on the 
bus. A GPIB bus management line, 
as defined by IEEE Std. 488-1978. 


DAY 


37 


I/O 


Data Valid: Used during parallel 
poll to force the 8291 to accept the 
parallel poll status bits. It is also 
used during the tcs procedure. 


IBFI 


36 





Input Buffer Not Full: Used to 
interrupt the central processor 
while the input buffer of the 8292 is 
empty. This feature is enabled and 
disabled by the interrupt mask 
register. 


OBFI 


35 





Output Buffer Full: Used as an 
interrupt to the central processor 
while the output buffer of the 8292 is 
full. The feature can be enabled and 
disabled by the interrupt mask 
register. 


E012 


34 


I/O 


End Or Identify: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978. Used with ATN 
as Identify Message during parallel 
poll. 


SPI 


33 





Special Interrupt: Used as an inter- 
rupt on events not initiated by the 
central processor. 


TCI 


32 





Task Complete Interrupt: Interrupt 
to the control processor used to in- 
dicate that the task requested was 
completed by the 8292 and the in- 
formation requested is ready in the 
data bus buffer. 


CIC 


31 





Controller In Charge: Controls the 
S/R input of the SRQ bus trans- 
ceiver. It can also be used to indi- 
cate that the 8292 is in charge of the 
GPIB bus. 
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FUNCTIONAL DESCRIPTION 

The 8292 is an Intel 8041 A which has been programmed 
as a GPIB Controller interface element. It is used with 
the 8291 GPIB Talker/Listener and two 8293 GPIB Trans- 
ceivers to form a complete IEEE-488 Bus Interface for a 
microprocessor. The electrical interface is performed by 
the transceivers, data transfer is done by the talker/ 
listener, and control of the bus is done by the 8292. 
Figure 3 is a typical controller interface using Intel's 
GPIB peripherals. 



Interrupt Status Register 



GPIB 



TO A_ 

PROCESSOR ( 19 8291 
BUS\p~ 



V- 



K 12 M 

\ V 



TO A 
PROCESSOR ( 15 
BUSNT^ 



OPTA 
OPTB 



H" 



A— A 

MODE3 K p-g-j; 



-Nj OPTA 
-y OPTB 



, 2- 

10 ^ MODE 2 < L- 



SYC 


ERR 


SRQ 


EV 


X 


IFCR 


IBF 


OBF 



Figure 3. Talker/Listener/Controller Configuration ERR 



The internal RAM in the 8041A is used as a special 
purpose register bank for the 8292. Most of these 
registers (except for the interrupt flag) can be accessed 
through commands to the 8292. Table 2 identifies the 
registers used by the 8292 and how they are accessed. 



D 7 D 

The 8292 can be configured to interrupt the microproc- 
essor on one of several conditions. Upon receipt of the 
interrupt the microprocessor must read the 8292 
interrupt status register to determine which event 
caused the interrupt, and then the appropriate subrou- 
tine can be performed. The interrupt status register is 
read with A high. With the exception of OBF and IBF, 
these interrupts are enabled or disabled by the SPI 
interrupt mask. OBF and IBF h ave their own bits in the 
interrupt mask (OBFI and IBFI). 

OBF Output Buffer Full. A byte is waiting to be read by 
the microprocessor. This flag is cleared when the 
output data bus buffer is read. 

IBF Input Buffer Full. The byte previously written by 
the microprocessor has not been read yet by the 
8292. If another byte is written to the 8292 before 
this flag clears, data will be lost. IBF is cleared 
when the 8292 reads the data byte. 

IFCR Interface Clear Received. The GPIB system 
controller has set IFC. The 8292 has become idle 
and is no longer in charge of the bus. The flag is 
cleared when the IACK command is issued. 

EV Event Counter Interrupt. The requested number 
of blocks or data bytes has been transferred. The 
EV interrupt flag is cleared by the IACK 
command. 

SRQ Service Request. Notifies the 8292 that a service 
request (SRQ) message has been received. It is 
cleared by the IACK command. 
Error occurred. The type of error can be deter- 
mined by reading the error status register. This 
interrupt flag is cleared by the IACK command. 

SYC System Controller Switch Change. Notifies the 
processor that the state of the system controller 
switch has changed. The actual state is con- 
tained in the GPIB Status Register. This flag is 
cleared by the IACK command. 

















Table 2. 8292 Registers 


















READ FROM 8292 


INTERRUPT STATUS 




A 


WRITE TO 8292 


INTERRUPT MASK 


A 




SYC 


ERR 


SRQ 


EV 


X 


IFCR 


IBF 


OBF 


1 


1 


SPI 


TCI 


SYC 


OBFI 


IBFI 





SRQ 







°7 


ERROR FLAG 


D 




D 7 


DO 
ERROR MASK 






X 


X 


USER 


X 


X 


TOUT3 


TOUT 2 


TOUT-, 


0* 








USER 








TOUT 3 


TOUT 2 


TOUT1 









CONTROLLER STATUS 








COMMAND FIELD 






CSBS 


CA 


X 


X 


SYCS 


IFC 


REN 


SRQ 


0* 


1 


1 


1 


OP 


c 


c 


C 


C 


1 






GPIB (BUS) STATUS 








EVENT COUNTER 






REN 


DAV 


EOI 


X 


SYC 


IFC 


ANTI 


SRQ 


0* 


D 


D 


D 


D 


D 


D 


D 


D 


0* 






EVENT COUNTER STATUS 








TIMEOUT 






D 


D 


D 


D 


D 


D 


D 


D 


0* 


D 


D 


D 


D 


D 


D 


D 


D 


0* 






TIME OUT STATUS 














D 


D 


D 


D 


D 


D 


D 


D 


Note: These registers 
see page 6. 


are accessed by a special utility command, 
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Interrupt Mask Register 












Event Counter Register 










1 


SPI 


TCI 


SYC 


OBFI 


IBFI 





SRQ 




D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


D1 


D 



D 7 D 

The Interrupt Mask Register is used to enable features 
and to mask the SPI and TCI interrupts. The flags in the 
Interrupt Status Register will be active even when 
masked out. The Interrupt Mask Register is written 
when A is low and reset by the RINM command. When 
the register is read, D^ and D 7 are undefined. An inter- 
tupt is enabled by setting the corresponding register bit. 

SRQ Enable interrupts on SRQ received. 

IBFI Enable interrupts on input buffer empty. 

OBFI Enable interrupts on output buffer full. 

SYC Enable interrupts on a change in the system 
controller switch. 

TCI 

SPI 



The Event Counter Register contains the initial value for 
the event counter. The counter can count pulses on pin 
39 of the 8292 (COUNT). It can be connected to EOI or 
NDAC to count blocks or bytes respectively during 
standby state. A count of zero equals 256. This register 
cannot be read, and is written using the WEVC 
command. 



Event Counter Status Register 



D 7 


°6 


D 5 


D 4 


D 3 


D 2 


Dl 


D 



Enable interrupts on the task completed. 

Enable interrupts on special events. 

NOTE: The event counter is enabled by the GSEC 
command, the error interrupt is enabled by the error 
mask register, and IFC cannot be masked (it will always 
cause an interrupt). 

Controller Status Register 



This register contains the current value in the event 
counter. The event counter counts back from the initial 
value stored in the Event Counter Register to zero and 
then generates an Event Counter Interrupt. This register 
cannot be written and can be read using a REVC 
command. 

Time Out Register 



D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Dl 


D 



CSBS 


CA 


X 


X 


SYCS 


IFC 


REN 


SRQ 



D 7 D 

The Controller Status Register is used to determine the 
status of the controller function. This register is 
accessed by the RCST command. 

SRQ Service Request line active (CSRS). 

REN Sending Remote Enable. 

IFC Sending or receiving interface clear. 

SYCS System Controller Switch Status (SACS). 

CA Controller Active (CACS + CAWS + CSWS). 

CSBS Controller Stand-by State (CSBS, CA) = (0,0) — 
Controller Idle 



The Time Out Register is used to store the time used for 
the time out error function. See the individual timeouts 
(TOUT1, 2, 3) to determine the units of this counter. This 
Time Out Register cannot be read, and it is written with 
the WTOUT command. 

Time Out Status Register 



D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Dl 


D 



This register contains the current value in the time out 
counter. The time out counter decrements from the 
original value stored in the Time Out Register. When 
zero is reached, the appropriate error interrupt is gen- 
erated. If the register is read while none of the time out 
functions are active, the register will contain the last 
value reached the last time a function was active. The 
Time Out Status Register cannot be written, and it is 
read with the RTOUT command. 



GPIB Bus Status Register 










Error Flag Register 
















X 


X 


USER 


X 


X 


TOUT 3 


TOUT 2 


TOUT-| 


REN 


_DAV 


EOI 


X 


SYC 


IFC 


ATNI 


SRQ 






D 7 














D 



D 7 D 

This register contains GPIB bus status information. It 
can be used by the microprocessor to monitor and 
manage the bus. The GPIB Bus Register can be read 
using the RBST command. 

Each of these status bits reflect the current status of 
the corresponding pin on the 8292. 

SRQ Service Request 

ATNI Attention In 

IFC Interface Clear 

SYC System Controller Switch 

EOI End or Identify 

DAV Data Valid 

REN Remote Enable 



Four errors are flagged by the 8292 with a bit in the Error 
Flag Register. Each of these errors can be masked by 
the Error Mask Register. The Error Flag Register cannot 
be written, and it is read by the IACK command when the 
error flag in the Interrupt Status Register is set. 

TOUT1 Time Out Error 1 occurs when the current con- 
troller has not stopped sending ATN after 
receiving the TCT message for the time period 
specified by the Time Out Register. Each count 
in the Time Out Register is at least 1800 t CY . 
After flagging the error, the 8292 will remain in a 
loop trying to take control until the current 
controller stops sending ATN or a new com- 
mand is written by the microprocessor. If a new 
command is written, the 8292 will return to the 
loop after executing it. 
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T0UT2 Time Out Error 2 occurs when the transmission 
between the addressed talker and listener has 
not started for the time period specified by the 
Time Out Register. Each count in the Time Out 
Register is at least 45 toy- This feature is only 
enabled when the controller is in the CSBS 
state. 

TOUT3 Time Out Error 3 occurs when the handshake 
signals are stuck and the 8292 is not succeed- 
ing in taking control synchronously for the time 
period specified by the Time Out Register. Each 
count in the Time Out Register is at least 1800 
toy- The 8292 will continue checking ATNI until 
it becomes true or a new command is received. 
After performing the n ew command, the 8292 
will return to the ATNI checking loop. 

USER User error occurs when request to assert IFC or 
REN was received and the 8292 was not the 
system controller. 

Error Mask Register 









USER 








TOUT3 


TOUT 2 


TOUT^ 



D 7 D 

The Error Mask Register is used to mask the interrupt 
from a particular type of error. Each type of error inter- 
rupt is enabled by setting the corresponding bit in the 
Error Mask Register. This register can be read with the 
RERM command and written with A low. 

Command Register 



1 


1 


1 


OP 


c 


c 


c 


c 



D 7 



DO 



Commands are performed by the 8292 whenever a byte 
is written with A high. There are two categories of 
commands distinguished by the OP bit (bit 4). The first 
category is the operation command (OP=1). These 
commands initiate some action on the interface bus. 
The second category is the utility commands (OP = 0). 
These commands are used to aid the communication 
between the processor and the 8292. 



OPERATION COMMANDS 

Operation commands initiate some action on the GPIB 
interface bus. It is using these commands that the 
control functions such as polling, taking and passing 
control, and system controller functions are performed. 
A TCI interrupt is generated upon successful comple- 
tion of each of these functions. 

F0 — SPCN! — Stop Counter Interrupts 

This command disables the internal counter interrupt so 
that the 8292 will stop interrupting the master on event 
counter underflows. However, the counter will continue 
counting and its contents can still be used. 



F1 - GIDL - Go To Idle 

This command is used during the transfer of control 
procedure while transferring control to another con- 
troller. The 8292 will respon d to this command only if it 
is in the active state. ATNO will go high, and CIC will be 
high so that this 8292 will no longer be driving the ATN 
line on the GPIB interface bus. 

F2 — RST — Reset 

This command has the same effect as asserting the 
external reset on the 8292. For details, refer to the reset 
procedure described later. 

F3 — RSTI — Reset Interrupts 

This command resets any pending interrupts and clears 
the error flags. The 8292 will not return to any loop it was 
in (such as from the time out interrupts). 

F4 — GSEC — Go To Standby, Enable Counting 



The function causes ATNO to go high and the counter 
will be enabled. If the 8292 was not the active controller, 
this command will exit immediately. If the 8292 is the 
active controller, the counter will be loaded with the 
value stored in the Event Counter Register, and the 
internal interrupt will be enabled so that when the 
counter reaches zero, the SPI interrupt will be gener- 
ated. SPI will be generated every 256 counts thereafter 
until the controller exits the standby state or the SPCNI 
command is written. An initial count of 256 (zero in the 
Event Counter Register) will be used if the WEVC 
command is not executed. If the data transmission does 
not start, a TOUT2 error will be generated. 

F5 - EXPP - Execute Parallel Poll 

This command initiates a parallel poll by asserting ATN 
and EOI (IDY message) true. The 8291 should be 
previously configured as a listener. Upon detection of 
DAV true, the 8291 enters ACDS and latches the parallel 
poll response (PPR) byte into its data in register. The 
master will be interrupted by the 8291 Bl interrupt when 
the PPR byte is available. No interrupts except the IBFI 
will be generated by the 8292. The 8292 will respond to 
this command only when it is the active controller. 

F6 — GTSB — Go To Standby 

If the 8292 is the active controller, ATNO will go high 
then TCI will be generated. If the data transmission does 
not start, a TOUT2 error will be generated. 

F7 — SLOC — Set Local Mode 

if the 8292 is the system controller, then REN will be 
asserted false for at least 100 j^sec. If it is not the 
system controller, the User Error bit will be set in the 
Error Flag Register. 

F8 — SREM — Set Interface To Remote Control 

This command will set REN true if this 8292 is the 
system controller. If not, the User Error bit will be set in 
the Error Flag Register. 
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F9 — ABORT — Abort All Operation, Clear Interface 

This command will cause IFC to be asserted true for at 
least 100 jitsec if this 8292 is the system controller. If it is 
in CIDS, it will take control over the bus (see the TCNTR 
command). 

FA - TCNTR - Take Control 

The transfer of control procedure is coordinated by the 
master with the 8291 and 8292. When the master 
receives a TCT message from the 8291, it should issue 
the TCNTR command to the 8292. The following events 
occur to take control: 

1. The 8292 checks to see if it is in CIDS, and if not, it 
exits. 

2. Then ATNI is checked until it becomes high. If the 
current controller does not release ATN for the time 
specified by the Time Out Register, then a TOUT1 
error is generated. The 8292 will return to this loop 
after an error or any command except the RST and 
RSTI commands. 

3. After the current controller releases ATN, the 8292 
will assert ATNO and CIC low. 

4. Finally, the TCI interrupt is generated to inform the 
master that it is in control of the bus. 

FC — TCASY — Take Control Asynchronously 

TCAS transfers the 8292 from CSBS to CACS indepen- 
dent of the handshake lines. If a bus hangup is detected 
(by an error flag), this command will force the 8292 to 
take control (asserting ATN) even if the AH function is 
not in ANRS (Acceptor Not Ready State). This command 
should be used very carefully since it may cause the 
loss of a data byte. Normally, control should be taken 
synchronously. After checking the controller function 
for be ing in the CSBS (else it will exit immediately), 
ATNO will go low, and a TCI interrupt will be generated. 

FD — TCSY — Take Control Synchronously 

There are two different procedures used to transfer the 
8292 from CSBS to CACS depending on the state of the 
8291 in the system. If the 8291 is in "continuous AH 
cycling" mode (Aux. Reg. A0 = A1 = 1), then the 
following procedure should be followed: 

1 . The master microprocessor stops the continuous AH 
cycling mode in the 8291; 

2. The master reads the 8291 Interrupt Status 1 
Register; 

3. If the END bit is set, the master sends the TCSY 
command to the 8292; 

4. If the END bit was not set, the master reads the 8291 
Data In Register and then waits for another Bl 
interrupt from the 8291. When it occurs, the master 
sends the 8292 the TCSY command. 

If the 8291 is not in AH cycling mode, then the master 
just waits for a Bl interrupt and then sends the TCSY 
command. After the TCSY co mmand has been issued, 
the 8292 checks for CSBS. If CSBS, then it exits the 
routine. Otherwise, it then checks the DAV bit in the 
GPIB status. When DAV becomes false, the 8292 will 



wait for at least 1.5 ^sec. (T10) and then ATNO will go 
low. If DAV does not go low, a TOUT3 error will be 
generated. 

FE — STCNI — Start Counter Interrupts 

This command enables the internal counter interrupt. 
The counter is enabled by the GSEC command. 



UTILITY COMMANDS 

All these commands are either Read or Write to regis- 
ters in the 8292. Upon completion of Read commands, 
the TCI (Task Completed Interrupt) will be generated. 
Note that writing to the Error Mask Register and the 
Interrupt Mask Register are done directly. 

E1 - WTOUT - Write To Time Out Register 

The byte written to the data bus buffer (with A =0) 
following this command will determine the time used 
for the time out function. Since this function is imple- 
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable b y the 
Error Mask Register. No interrupts except for the IBFI 
will be generated upon completion. 

E2 - WEVC - Write To Event Counter 

The byte written to the data bus buffer (with A =0) 
following this command will be loaded into the Event 
Counter Register and the Event Cou nter Status for byte 
counting or EOI counting. Only IBFI will indicate 
completion of this command. 

E3 — REVC — Read Event Counter Status 

This command transfers the contents of the Event 
Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 

E4 — RERF — Read Error Flag Register 

This command transfers the contents of the Error Flag 
Register into the data bus buffer. A TCI is generated 
when the data is available. 

E5 — RINM — Read Interrupt Mask Register 

This command transfers the contents of the Interrupt 
Mask Register into the data bus buffer. This register is 
available to the processor so that it does not need to 
store this information elsewhere. A TCI is generated 
when the data is available in the data bus buffer. 

E6 — RCST — Read Controller Status Register 

This command transfers the contents of the Controller 
Status Register into the data bus buffer and a TCI inter- 
rupt is generated. 

E7 — RBST — Read GPIB Bus Status Register 

This command transfers the contents of the GPIB Bus 
Status Register into the data bus buffer, and a TCI 
interrupt is generated when the data is available. 
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E9 — RTOUT — Read Time Out Status Register 

This command transfers the contents of the Time Out 
Status Register into the data bus buffer, and a TCI 
interrupt is generated when the data is available. 

EA — RERM — Read Error Mask Register 

This command transfers the contents of the Error Mask 
Register to the data bus buffer so that the processor 
does not need to store this information elsewhere. A TCI 
interrupt is generated when the data is available. 

Interrupt Acknowledge 



SYC 


ERR 


SRQ 


EV 


1 


IFCR 


1 


1 



D 7 



DO 



Each named bit in an Interrupt Acknowledge (IACK) 
corresponds to a flag in the Interrupt Status Register. 
When the 8292 receives this command, it will clear the 
SPI and the corresponding bits in the Interrupt Status 
Register. If not all the bits were cleared, then the SPI will 
be set true again. If the error flag is not acknowledged 
by the IACK command, then the Error Flag Register will 
be transferred to the data bus buffer, and a TCI will be 
generated. 

NOTE: XXXX1X11 is an undefined operation or utility 
command, so no conflict exists between the IACK 
operation and utility commands. 



SYSTEM OPERATION 

8292 To Master Processor Interface 

Communication between the 8292 and the Master 
Processor can be either interrupt based communication 
or based upon polling the interrupt status register in 
predetermined intervals. 

Interrupt Based Communication 

Four different interrupts are available from the 8292: 
OBFI Output Buffer Full Interrupt 
IBFI Input Buffer Not Full Interrupt 
TCI Task Completed Interrupt 
SPI Special Interrupt 

Each of the interrupts is enabled or disabled b y a b it in 
the interrupt mask register. Since OBFI and IBFI are 
directly connected to the OBF and IBF flags, the master 
can write a new command to the input data bus buffer 
as soon as the previous command has been read. 

The TCI interrupt is useful when the master is sending 
commands to the 8292. The pending TCI will be cleared 
with each new command written to the 8292. Commands 
sent to the 8292 can be divided into two major groups: 

1 . Commands that require response back from the 8292 
to the master, e.g., reading register. 

2. Commands that initiate some action or enable 
features but do not require response back from the 
8292, e.g., enable data bus buffer interrupts. 



With the first group, the TCI interrupt will be used to 
indicate that the required response is ready in the data 
bus buffer and the master may continue and read it. 
With the second group, the interrupt will be used to 
indicate completion of the required task, so that the 
master may send new commands. 

The SPI should be used when immediate information or 
special events is required (see the Interrupt Status 
Register). 

"Polling Status" Based Communication 

When interrupt based communication is not desired, all 
interrupts can be masked by the interrupt mask register. 
The commtinication with the 8292 is based upon 
sequential poll of the interrupt status register. By 
testing the OBF and IBF flags, the data bus buffer 
status is determined while special events are deter- 
mined by testing the other bits. 

Receiving IFC 

The IFC pulse defined by the IEEE-488 standard is at 
least 100 /isec. In this time, all operation on the bus 
should be aborted. Most important, the current control- 
ler (the one that is in charge at that time) should stop 
sending ATN or EOI. Thus. I FC mu st externally gate GIG 
(controller in charge) and ATNO to ensure that this 
occurs. 

Reset and Power Up Procedure 

After the 8292 has been reset either by the external reset 
pin, the device being powered on, or a RST command, 
the following sequential events will take place: 

1 - AM ou t P uts t0 the GP,B i nterfa c e wi ll go high ( SRQ , 
ATNI, IFC, SYC, CLTH, ATNO, CIC, TCI, SPI, EOI, 
OBFI, TBFT, DAV, F[EV). 

2. The four interrupt outputs (TCI, SPI, OBFI, IBFI) and 
CLTH output will go low. 

3. The following registers will be cleared: 
Interrupt Status 

Interrupt Mask 

Error Flag 

Error Mask 

Time Out 

Event Counter (=256), Counter is disabled. 

4. If the 8292 is the system controller, an ABORT 
command will be executed, the 8292 will become the 
controller in charge, and it will enter the CACS state. 

If it is not the system controller, it will remain in 
CIDS. 

System Configuration 

The 8291 and 8292 must be interfaced to an IEEE-488 
bus meeting a variety of specifications including drive 
capability and loading characteristics. To interface the 
8291 and the 8292 without the 8293's, several external 
gates are required, using a configuration similar to that 
used in Figure 5. 
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GPIB 
TRANSCEIVERS 




NOTES: 

1. CONNECT TO NDAC FOR 
BYTE COUNT OR TO EOI 
FOR BLOCK COUNT. 

2. GATE ENSURES OPEN 
COLLECTOR OPERATION 
DURING PARALLEL POLL. 



Figure 4. 8291 and 8292 System Configuration 
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RS1 T/R1 
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WR EOI 
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DACK |FC 

CLOCK ^ 

INT NRFD 
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TRIG REN 


28 25 
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Figure 5. 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 
Ambient Temperature Under Bias 0°C to 70°C device This js a stress rating only and functional opera- 
Storage Temperature -65°C to +150°C tion of the device at tnese or any otner conditions above 

Voltage on Any Pin With Respect those j nd j cated in tne operational sections of this specif i- 

to Ground 0.5V to +7V cation is not implied. Exposure to absolute maximum 

Power Dissipation 1.5 Watt ratjng conditions for extended periods may affect device 

reliability. 



D.C. CHARACTERISTICS (T A = 0°C to 70°C, V S s = OV: 8292, V C c = ±5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L1 




-0.5 


0.8 


V 




Input Low Voltage (All Except X 1f X 2 , RESET) 


V|L2 


Input Low Voltage (X 1f X 2 , RESET) 


-0.5 


0.6 


V 




V,H1 


Input High Voltage (All Except X 1f X 2 , RESET) 


2.2 


Vcc 


V 




V,H2 


Input High Voltage (X 1f X 2 , RESET) 


3.8 


Vcc 


V 




V0L1 


Output Low Voltage (D -D 7 ) 




0.45 


V 


I O l=2.0 mA 


V L2 


Output Low Voltage (All Other Outputs) 




0.45 


V 


I l=1-6 mA 


V H1 


Output High Voltage (D -D 7 ) 


2.4 




V 


l 0H = -400 ijlA 


V0H2 


Output High Voltage (All Other Outputs) 


2.4 




V 


Ioh=-50 m A 


IlL 


Input Leakage Current (COUNT, IFCL, RD, WR, CS, A ) 




±10 


ma 


Vss < V|n ^ ^cc 


loz 


Output Leakage Current (D -D 7 , High Z State) 




±10 


ma 


V SS +0.45<V| N <V CC 


Ilm 


Low Input Load Current (Pins 21-24, 27-38) 




0.5 


mA 


V, L =0.8V 


•lI2 


Low Input Load Current (RESET) 




0.2 


mA 


V, L =0.8V 


'cc 


Total Supply Current 




125 


mA 


Typical = 65 mA 


hH 


Input High Leakage Current (Pins 21-24, 27-38) 




100 


(jlA 


Vin = Vcc 


C|N 


Input Capacitance 




10 


PF 




C|/0 


I/O Capacitance 




20 


PF 





A.C. CHARACTERISTICS (T A = o°c to 70°c, v ss = ov: 8292, v cc = +5V ±10%) 

DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A R 


CS, A Setup to RD^ 







ns 




tRA 


CS, A Hold After RDt 







ns 




tRR 


RD Pulse Width 


250 




ns 




Ud 


CS, A to Data Out Delay 




225 


ns 


C L =150pF 


*RD 


RDI to Data Out Delay 




225 


ns 


C L =150pF 


t D F 


RDt to Data Float Delay 




100 


ns 




*CY 


Cycle Time 


2.5 


15 


M s 




DBB WRITE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Uw 


CS, A Setup to \NRl 







ns 




*WA 


CS, A Hold After WRt 







ns 




t W w 


WR Pulse Width 


250 




ns 




*DW 


Data Setup to WRt 


150 




ns 




tyVD 


Data Hold After WRI 







ns 
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COMMAND TIMINGS 1 



,[1,3] 



Code 


Name 


Execution 
Time 


fBFTt 


TCI 12 ' 


SPI 


ATNO 


CIC 


IFC 


REN 


EOI 


DAV 


Comments 


E1 


WTOUT 


63 


24 




















E2 


WEVC 


63 


24 


















E3 


REVC 


71 


24 


51 
















E4 


RERF 


67 


24 


47 
















E5 


RINM 


69 


24 


49 
















E6 


RCST 


97 


24 


77 
















E7 


RBST 


92 


24 


72 
















E8 
























E9 


RTOUT 


69 


24 


49 
















EA 


RERM 


69 


24 


49 
















FO 


SPCNI 


53 


24 


















Count Stops After 39 


F1 


GIOL 


88 


24 


70 




t61 


t61 












F2 


RST 


94 


24 




152 














Not System Controller 


F2 


RST 


214 


24 


192 


152 


4179 


1174 


1101 








System Controller 


F3 


RSTI 


61 


24 




















F4 


GSEC 


125 


24 


107 




t98 












F5 


EXPP 


75 


24 












453 
t59 


455 
t57 




F6 


GTSB 


118 


24 


100 




t91 












F7 


SLOC 


73 


24 


55 








t46 








F8 


SREM 


91 


24 


73 








464 








F9 


ABORT 


155 


24 


133 




1120 


1115 


442 








FA 


TCNTR 


108 


24 


86 




171 


468 










FC 


TCAS 


92 


24 


67 




155 












FD 


TCSY 


115 


24 


91 




180 












FE 


STCNI 


59 


24 


















Starts Count After 43 


PIN 


RESET 


29 


- 


17 


17 














Not System Controller 


X 


IACK 


116 


— 




173 
t98 














If Interrupt Pending 



Notes: 

1. Ail times are multiples of t CY from the 8041 A command interrupt. 

2. TCI clears after 7 t CY on all commands. 

3. t indicates a level transition from low to high, 4 indicates a high to low transition. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



I 



C L INCLUDES JIG CAPACITANCE 
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CLOCK DRIVER CIRCUITS 



CRYSTAL OSCILLATOR MODE 



< 15 pF 
(INCLUDES XTAL, 
SOCKET, STRAY) 



1-6 mHz 

nz3 



15-25 pF 
(INCLUDES SOCKET, 

STRAY) -±r 

CRYSTAL SERIES RESISTANCE SHOULD BE 
<75Q AT 6 MHz; <180Q AT 3.6 MHz. 



DRIVING FROM EXTERNAL SOURCE 



O- 



i 



BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO V C c ARE NEEDED TO ENSURE V, H = 3.8V 
IF TTL CIRCUITRY IS USED. 



LC OSCILLATOR MODE 



_L_ _C_ NOMINAL f 

45 mH 20 pF 5.2 MHz 

120 nH 20 pF 3.2 MHz 



C PP ~ 5-10 pF PIN-TO-PIN 
XTAL2 CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE. 



WAVEFORMS 



READ OPERATION— DATA BUS BUFFER REGISTER 


(SYSTEM'S Y 
ADDRFSS BUS) -/- 




K 




— t A R— *- 






*-t RA -^ 






4 


| 


RD 
(READ CONTROL) 




\ 


r 


\ 


-* — tRD— *" 






* t DF 


\ 












DATA BUS / 


DATA VALID 


(OUTPUT) \ 


) 















WRITE OPERATION - DATA BUS BUFFER REGISTER 



CSORAo " 
(SYSTEM'S 
ADDRESS BUS) . 



WR 
(WRITE CONTROL) 



DATA BUS 
(INPUT) 



X 



X 



DATA 
MAY CHANGE 



3C 



I 



V DATA VALID V 



DATA 
MAY CHANGE 
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APPENDIX 

The following tables and state diagrams were taken 
from the IEEE Standard Digital Interface for Program- 



mable Instrumentation, IEEE Std. 488-1978. This docu- 
ment is the official standard for the GPIB bus and can be 
purchased from IEEE, 345 East 47th St., New York, NY 
10017. 



C MNEMONICS 



Messages 


Interface States 


pon = power on 


CIDS 


= controller idle state 


rsc = request system control 


CADS 


= controller addressed state 


rpp = request parallel poll 


CTRS 


= controller transfer state 


gts = go to standby 


CACS 


= controller active state 


tea = take control asynchronously 


CPWS 


= controller parallel poll wait state 


tcs = take control synchronously 


CPPS 


= controller parallel poll state 


sic = send interface clear 
sre = send remote enable 


CSBS 
CSHS 


= controller standby state 

= controller standby hold state 


IFC = interface clear 


CAWS 


= controller active wait state 


ATN = attention 


CSWS 


= controller synchronous wait state 


TCT = take control 


CSRS 


= controller service requested state 




CSNS 


= controller service not requested state 




SNAS 


= system control not active state 




SACS 


= system control active state 




SRIS 


= system control remote enable idle state 




SRNS 


= system control remote enable not active state 




SRAS 


= system control remote enable active state 




SIIS 


= system control interface clear idle state 




SINS 


= system control interface clear not active state 




SIAS 


= system control interface clear active state 




(ACDS) 


= accept data state (AH function) 




(ANRS) 


= acceptor not ready state (AH function) 




(SDYS) 


= source delay state (SH function) 




(STRS) 


= source transfer state (SH function) 




(TADS) 


= talker addressed state (T function) 




tcs A (ANRS) 



*Tio> 1.5jisec 

t THE MICROPROCESSOR MUST WAIT FOR THE BO 
INTERRUPT BEFORE WRITING T HE GT S B OR GSEC 
COMMANDS TO ENSURE THAT (§TR§ A SETS) 
IS TRUE. 




Figure A.1. C State Diagram 
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REMOTE MESSAGE CODING 










C 
L 
A 
S 
S 




Bus Signal Line(s) and Coding That 
Asserts the True Value of the Message 


Mnemonic 


Message Name 


T 
Y 
P 

E 


D 


8 


7 


6 


5 


4 


3 


2 


D 



1 


NN 
DRD 
AFA 
VDC 


A 

T 
N 


E 


I 


S I R 
R F E 
Q C N 


ACG 


Addressed Command Group 


M 


AC 


Y 











X 


X 


X 


X 


XXX 


1 


X 


XXX 


ATN 


Attention 




U 


UC 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


1 


X 


XXX 


DAB 


Data Byte 


(Notes 1, 9) 


M 


DD 


D 
8 


D 

7 


D 
6 


D 
5 


D 
4 


D 
3 


D 
2 


D 

1 


XXX 





X 


XXX 


DAC 


Data Accepted 




U 


HS 


X 


X 


X 


X 


X 


X 


X 


X 


XXO 


X 


X 


XXX 


DAV 


Data Valid 




U 


HS 


X 


X 


X 


X 


X 


X 


X 


X 


1XX 


X 


X 


XXX 


DCL 


Device Clear 




M 


UC 


Y 








1 





1 








XXX 


1 


X 


XXX 


END 


End 




U 


ST 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 





1 


XXX 


EOS 


End of String 


(Notes 2, 9) 


M 


DD 


E 
8 


E 
7 


E 
6 


E 
5 


E 
4 


E 
3 


E 
2 


E 
1 


XXX 





X 


XXX 


GET 


Group Execute Trigger 




M 


AC 


Y 











1 











XXX 


1 


X 


XXX 


GTL 


Go to Local 




M 


AC 


Y 




















1 


XXX 


1 


X 


XXX 


IDY 


Identify 




U 


UC 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


1 


XXX 


IFC 


Interface Clear 




U 


UC 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


X 


X 1 X 


LAG 


Listen Address Group 




M 


AD 


Y 





1 


X 


X 


X 


X 


X 


XXX 


1 


X 


XXX 


LLO 


Local Lock Out 




M 


UC 


Y 








1 











1 


XXX 


1 


X 


XXX 


MLA 


My Listen Address 


(Note 3) 


M 


AD 


Y 





1 


L 
5 


L 
4 


L 
3 


L 
2 


L 
1 


XXX 


1 


X 


XXX 


MTA 


My Talk Address 


(Note 4) 


M 


AD 


Y 


1 





T 
5 


T 
4 


T 
3 


T 
2 


T 
1 


XXX 


1 


X 


XXX 


MSA 


My Secondary Address 


(Note 5) 


M 


SE 


Y 


1 


1 


S 
5 


s 

4 


S 
3 


S 
2 


S 

1 


XXX 


1 


X 


XXX 


NUL 


Null Byte 




M 


DD 


























XXX 


X 


X 


XXX 


OSA 


Other Secondary Address 




M 


SE 










(OSA = 


SCG a MSA) 






OTA 


Other Talk Address 




M 


AD 










(OTA = 


TAG A MTA) 






PCG 


Primary Command Group 




M 


— 






(PCG 


= t 


^CG\ 


' UCG v LAG v 


TAG) 


PPC 


Parallel Poll Configure 




M 


AC 


Y 














1 





1 


XXX 


1 


X 


XXX 


PPE 


Parallel Poll Enable 


(Note 6) 


M 


SE 


Y 


1 


1 





S 


P 
3 
D 
3 
X 


P 
2 


P 
1 


XXX 


1 


X 


XXX 


PPD 


Parallel Poll Disable 


(Note 7) 


M 


SE 


Y 


1 


1 


1 


D 
4 


D 
2 


D 
1 


XXX 


1 


X 


XXX 


PPR1 


Parallel Poll Response 1 ^ 




U 


ST 


X 


X 


X 


X 


X 


X 


1 


XXX 


1 


1 


XXX 


PPR2 


Parallel Poll Response 2 




U 


ST 


X 


X 


X 


X 


X 


X 


1 


X 


XXX 


1 


1 


XXX 


PPR3 


Parallel Poll Response 3 




U 


ST 


X 


X 


X 


X 


X 


1 


X 


X 


XXX 


1 


1 


XXX 


PPR4 
PPR5 


Parallel Poll Response 4 
Parallel Poll Response 5 


► (Note 10) 


U 
U 


ST 
ST 


X 
X 


X 
X 


X 
X 


X 

1 


1 

X 


X 
X 


X 
X 


X 
X 


XXX 
XXX 


1 
1 


1 
1 


XXX 
XXX 


PPR6 


Parallel Poll Response 6 




U 


ST 


X 


X 


1 


X 


X 


X 


X 


X 


XXX 


1 


1 


XXX 


PPR7 


Parallel Poll Response 7 




U 


ST 


X 


1 


X 


X 


X 


X 


X 


X 


XXX 


1 


1 


XXX 


PPR8 


Parallel Poll Response 8^ 




U 


ST 


1 


X 


X 


X 


X 


X 


X 


X 


XXX 


1 


1 


XXX 


PPU 


Parallel Poll Unconfigure 




M 


UC 


Y 








1 





1 





1 


XXX 


1 


X 


XXX 


REN 


Remote Enable 




U 


UC 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


X 


X X 1 


RFD 


Ready for Data 




U 


HS 


X 


X 


X 


X 


X 


X 


X 


X 


xox 


X 


X 


XXX 


RQS 


Request Service 


(Note 9) 


U 


ST 


X 


1 


X 


X 


X 


X 


X 


X 


XXX 





X 


XXX 


SCG 


Secondary Command Groi 


JP 


M 


SE 


Y 


1 


1 


X 


X 


X 


X 


X 


XXX 


1 


X 


XXX 


SDC 


Selected Device Clear 




M 


AC 


Y 














1 








XXX 


1 


X 


XXX 


SPD 


Serial Poll Disable 




M 


UC 


Y 








1 


1 








1 


XXX 


1 


X 


XXX 


SPE 


Serial Poll Enable 




M 


UC 


Y 








1 


1 











XXX 


1 


X 


XXX 


SRQ 


Service Request 




U 


ST 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


X 


1 X X 


STB 


Status Byte 


(Notes 8, 9) 


M 


ST 


S 
8 


X 


s 

6 


s 

5 


s 

4 


s 

3 


s 

2 


s 
1 


XXX 





X 


XXX 


TCT 


Take Control 




M 


AC 


Y 











1 








1 


XXX 


1 


X 


XXX 


TAG 


Talk Address Group 




M 


AD 


Y 


1 





X 


X 


X 


X 


X 


XXX 


1 


X 


XXX 


UCG 


Universal Command Grout 


) 


M 


UC 


Y 








1 


X 


X 


X 


X 


XXX 


1 


X 


XXX 


UNL 


Unlisten 




M 


AD 


Y 





1 


1 


1 


1 


1 


1 


XXX 


1 


X 


XXX 


UNT 


Untalk 


(Note 11) 


M 


AD 


Y 


1 





1 


1 


1 


1 


1 


XXX 


1 


X 


XXX 



The 1/0 coding on ATN when sent concurrent with multiline messages has been added to this revision for interpre- 
tive convenience. 
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NOTES: 

1. D1-D8 specify the device dependent data bits. 

2. E1-E8 specify the device dependent code used to indicate the EOS message. 

3. L1-L5 specify the device dependent bits of the device's listen address. 

4. T1-T5 specify the device dependent bits of the device's talk address. 

5. S1-S5 specify the device dependent bits of the device's secondary address. 

6. S specifies the sense of the PPR. 



Response = S® ist 
P1-P3 specify the PPR message to be sent when a parallel poll is executed. 
P3 P2 P1 PPR Message 
PPR1 



1 1 1 PPR8 



7. D1-D4 specify don't-care bits that shall not be decoded by the receiving device. It is recommended that all zeroes 
be sent. 

8. S1-S6, S8 specify the device dependent status. (DI07 is used for the RQS message.) 

9. The source of the message on the ATN line is always the C function, whereas the messages on the DIO and EOI 
lines are enabled by the T function. 

10. The source of the messages on the ATN and EOi lines is always the C function, whereas the source of the 
messages on the DIO lines is always the PP function. 

11. This code is provided for system use, see 6.3. 
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8293 
GPIB TRANSCEIVER 



Nine Open-collector or Three-state 
Line Drivers 

48 mA Sink Current Capability on 
Each Line Driver 

Nine Schmitt-type Line Receivers 

High Capacitance Load Drive 
Capability 

Single 5V Power Supply 

28-Pin Package 

Low Power HMOS Design 



■ On-chip Decoder for Mode 
Configuration 

■ Power Up/Power Down Protection to 
Prevent Disrupting the IEEE Bus 

■ Connects with the 8291 and 8292 to 
Form an IEEE Standard 488 Interface 
Talker/Listener/Controller with no 
Additional Components 

■ Only Two 8293's Required per GPIB 
Interface 

■ On-Chip IEEE-488 Bus Terminations 



The Intel® 8293 GPIB Transceiver is a high current, non-inverting buffer chip designed to interface the 8291 GPIB 
Talker/Listener or the 8292 GPIB Controller with the 8291 to the IEEE Standard 488-1978 Instrumentation Interface 
Bus. Each GPIB interface would contain two 8293 Bus Transceivers. In addition, the 8293 can also be used as a general 
purpose bus driver. 



MICROPROCESSOR SYSTEM BUS 



r- 

i 

j DMA 

I CONTROLLER 

• (OPTIONAL) 

I 



DACK 



n 



8291 

GPIB 
TALKER/ 
LISTENER 




<~ZL 



8293 

BUS 

TRANSCEIVERS 



I 



""P 



T/R1 C 

T/R2 C 2 
EOlC 3 

ATN C 4 
DATA1 C 5 
DATA2 C 6 
DAT A3 C 7 
DATA4 C 8 
DATA5 C 9 
DATA6 C 10 
DATA7C 11 

BUS1 E 12 
BUS2C 13 

GNDC 14 



28 3 
27 3 
26 3 
25 3 
24 3 
23 3 
8293 22 3 



20 p 

19 



V C C 

OPTA 

OPTB 

DATA10 

DATA9 

DATA8 

BUS9 

BUS8 

GND 

BUS7 

BUS6 

BUS5 

BUS4 

BUSS 



GENERAL PURPOSE INTERFACE BUS 



Figure 1. 8291, 8292, 8293 Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


BUS1- 
BUS9 


12, 13, 
15-19, 
21,22 


I/O 


GPIB Lines, GPIB Side: These are 
the IEEE-488 bus interface driver/ 
receivers. Using the mode select 
pins, they can be configured dif- 
ferently to allow direct connections 
between the 8291 GPIB Talker/ 
Listener and the 8292 GPIB Con- 
troller. 


DATA1- 
DATA10 


5-11, 
23-25 


I/O 


GPIB Lines 8291/92 Side: These 
are the pins to be connected to the 
8291 and 8292 to interface with the 
GPIB bus. Their use is programmed 
by the two mode select pins, OPTA 
and OPTB. All these pins are TTL 
compatible. 


T/R1 


1 


I 


Transmit Receive 1: This pin con- 
trols the direction for NDAC, NRFD, 
DAV, and DI01-DI08. Input is TTL 
compatible. 


T/R2 


2 


I 


Transmit Receive 2: This pin con- 
trols the direction for EOl. Input is 
TTL compatible. 



Symbol 


Pin No. 


Type 


Name and Function 


EOl 


3 


I/O 


End Or Identify: This pin indicates 
the end of a multiple byte transfer or, 
in conjunction with ATN, addresses 
the device during a polling se- 
quence. It connects to the 8291 and 
is switched between transmit and 
receive by T/R2. This pin is TTL 
compatible. 


aTn 


4 





Attention: This pin is used by the 
8291 to monitor the GPIB ATN con- 
trol line. It specifies how data on the 
DIO lines is to be interpreted. This 
output is TTL compatible. 


OPTA 
OPTB 


27 
26 


I 


Mode Select: These two pins are to 
control the function of the 8293. A 
truth table of how this programs the 
various modes is in Table 2. 


Vcc 


28 


P.S. 


Voltage: Positive power supply (5V 
± 10%). 


GND 


14,20 


P.S. 


Ground: Circuit ground potential. 



Table 2. 8293 Mode Selection Pin Mapping 



Pin Name 


Pin No. 


IEEE Implementation Name 


ModeO 


Model 


Mode 2 


Mode 3 


OPTA 


27 





1 





1 


OPTB 


26 








1 


1 


DATA1 


5 


IFC 


DI08 


IFC 


DI08 


BUS1 


12 


IFC* 


DI08* 


IFC* 


DI08* 


DATA2 


6 


REN 


DI07 


REN 


DI07 


BUS2 


13 


REN* 


DI07* 


REN* 


DI07* 


DATA3 


7 


NC 


DI06 


EOI2 


DI06 


BUS3 


15 


EOl* 


DI06* 


EOl* 


DI06* 


DATA4 


8 


SRQ 


DI05 


SRQ 


DI05 


BUS4 


16 


SRQ* 


DI05* 


SRQ* 


DI05* 


DATA5 


9 


NRFD 


DI04 


NRFD 


DI04 


BUS5 


17 


NRFD* 


DI04* 


NRFD* 


DI04* 


DATA6 


10 


NDAC 


DI03 


NDAC 


DI03 


BUS6 


18 


NDAC* 


DI03* 


NDAC* 


DI03* 


DATA7 


11 


T/RI01 


NC 


ATN I 


ATNO 


DATA8 


23 


T/RI02 


DI02 


ATNO 


DI02 


BUS7 


19 


ATN* 


DI02* 


ATN* 


DI02* 


DATA9 


24 


GI01 


DAV 


CIC 


DAV 


BUS8 


21 


GI01* 


DAV* 


CLTH 


DAV* 


DATA10 


25 


GI02 


DI01 


IFCL 


DI01 


BUS9 


22 


GI02* 


DI01* 


SYC 


DI01* 


T/R1 


1 


T/R1 


T/R1 


T/R1 


T/R1 


T/R2 


2 


T/R2 


NC 


T/R2 


IFCL 


EOl 


3 


EOl 


EOl 


TOT 


EOl 


ATN 


4 


ATN 


ATN 


ATN 


ATN 



*Note: These pins are the IEEE-488 bus non-inverting driver/receivers. They include all the bus terminations required by the Standard and may be 
connected directly to the GPIB bus connector. 
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GENERAL DESCRIPTION 

The 8293 is a bidirectional transceiver. It was designed 
to interface the Intel 8291 GPIB Talker/Listener and the 
Intel® 8292 GPIB Controller to the IEEE Standard 
488-1978. Instrumentation Bus (also referred to as the 
GPIB Bus). The Intel GPIB Bus Transceiver meets or ex- 
ceeds all of the electrical specifications defined in the 
IEEE Standard 488-1978, Section 3.3-3.5, including the 
required bus termination specifications. 

The 8293 can be hardware programmed to one of four 
modes of operation. These modes allow the 8293 to be 
configured to support both a Talker/Listener/Controller 
environment and Talker/Listener environment. In addi- 
tion, the 8293 can be used as a general purpose three- 
state (push-pull) or open-collector bus transceiver with 
nine receiver/drivers. Two modes are used to support a 
Talker/Listener environment (see Figure 3), and to sup- 
port a Talker/Listener/Controller environment (see 
Figure 4). Mode 1 is the general purpose mode. 



TO 

PROCESSOR 
BUS 



/ 14 8291 ( 18 



K OPTB — i 

vl 8293 aZ_ 

ODE 1 ( L 



UP I A 1 

_K 0PTB -± 
^ 8293 aZ-\ 



Figure 3. Talker/Listener Configuration 
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TO 
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br 



t 



OPTB 
OPTA 
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^ 





MODE0 




gIoT 

T/RIOi 

GI0 2 

T/RIO2 

IFC 

REN 

ATN 

SRQ 

EOl 
T/R2 
NRFD 

NDAC 
T/R1 














THREE 


— j^OPTB 

Gior 
gio 2 * 

IFC* 

REN* 

ATN* 

SRQ* 

EOl* 

NRFD* 

NDAC* 

V 




S/R T/C 


STATE ONLY 








_J |_ 


_J 

THREE 










STATE ONLY 




S/R T/C 






_J L_ 


_J 








S/R 


INPUT ONLY 








* 






S/R 


INPUT ONLY 








* 






S/R 


INPUT ONLY 








* 


OPEN COL 




S/R T/C 


OUTPUT ONLY 






LJ * 


THREE 




S/R T/C 


STATE ONLY 








I | 


_J 








S/R T/C 


OPEN COL ONLY 


r 




-J 4 




S/R T/C 


OPEN COL ONLY 


So 




I * 




K° 


T/C 1= THREE STATE T" _ 
= OPEN COLLECTOR 1 " +0 

S/R 1= SEND TO GPIB I _ ov 
= RECEIVE FROM GPIB V 
* = IEEE-488 BUS NON-INVERTING DRIVER/RECEIVER 



Figure 5. Talker/Listener Control Configuration 



Table 3. Mode Pin Description 



Figure 4. Talker/Listener/Controller Configuration 



Symbol 


Pin 
No. 


Type 


Name and Function 


T/R1 


1 


I 


Transmit Receive 1 Direction control 
for NDAC and NRFD. If T/R1 is high, then 
NDAC* and NRFD* are receiving. Input is 
TTL compatible. 


NDAC 


10 


I/O 


Not Data Accepted: Processor GPIB 
bus handshake control line; used to in- 
dicate the condition of acceptance of 
data by device(s). It is TTL compatible. 


NDAC* 


18 


I/O 


Not Data Accepted: IEEE GPIB bus 
handshake control line. When an input, 
it is a TTL compatible Schmitt-trigger. 
When an output, it is an open-collector 
driver with 48 mA sinking capability. 


NRFD 


9 


I/O 


Not Ready For Data: Processor GPIB 
handshake control line; used to indicate 
the condition of readiness of device(s) 
to accept data. This pin is TTL compati- 
ble. 
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Table 3. Mode Pin Description (Continued) 



Symbol 


Pfn 
No. 


Type 


Name and Function 


NRFD* 


17 


I/O 


Not Ready For Data: IEEE GPIB bus 
handshake control line. When an input, 
it is a TTL compatible Sch mitt-trigger. 
When an output, it is an open-collector 
driver with a 48 mA current sinking 
capability. 


T/R2 


2 


I 


Transmit Receive 2: Direction control 
for EOI. If T/R2 is high, EOI* is sending. 
Input is TTL compatible. 


EOl 


3 


I/O 


End Or Identify: Processor GPIB bus 
control line; is used by a talker to indi- 
cate the end of a multiple byte transfer. 
This pin is TTL compatible. 


EOI* 


15 


I/O 


End Or Identify: IEEE GPIB bus control 
line; is used by a talker to indicate the 
end of a multiple byte transfer. This pin is 
a three-state (push-pull) driver capable 
of sinking 48 mA and a TTL compatible 
receiver with hysteresis. 


SRQ 


6 


i 


Service Request: Processor GPiB bus 
control line; used by a device to indicate 
the need for service and to request an 
interruption of the current sequence of 
events on the GPIB. It is a TTL compati- 
ble input. 


SRQ* 


16 





Service Request: IEEE GPIB bus con- 
trol line; it is an open collector driver 
capable of sinking 48 mA. 


REN 


6 





Remote Enable: Processor GPIB bus 
control line; used by a controller (in con- 
junction with other messages) to select 
between two alternate sources of device 
programming data (remote or local con- 
trol). This output is TTL compatible. 


REN* 


13 


I 


Remote Enable: IEEE GPIB bus control 
line. This input is a TTL compatible 
Schmitt-trigger. 


ATN 


4 





Attention: Processor GPIB bus control 
line; used by the 8291 to determine how 
data on the DIO signal lines are to be 
interpreted. This is a TTL compatible 
output. 


ATN* 


19 


1 


Attention: IEEE GPIB bus control line; 
this input is a TTL compatible Schmitt- 
trigger. 


Tfc 


5 





Interface Clear: Processor GPIB bus 
control line; used by a controller to 
place the interface system into a known 
quiescent state. It is a TTL compatible 
output. 



Symbol 


Pin 
No. 


Type 


Name and Function 


IFC* 


12 


I 


Interface Clear: IEEE GPIB bus control 
line. This input is a TTL compatible 
Schmitt-trigger. 


T/RI01 
T/RI02 


11 
23 


I 

I 


Transmit Receive General IO: Direc- 
tion control for the two spare trans- 
ceivers. These pins are TTL compatible. 


GioT 

GI02 


24 
25 


I/O 
I/O 


General 10: This is the TTL side of the 
two spare transceivers. These pins are 
TTL compatible. 


GIO* 
GI02* 


21 
22 


I/O 
I/O 


General 10: These are spare three- 
state (push-pull) drivers/Schmitt-trigger 
receivers. The drivers can sink 48 mA. 
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J L 
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J L 
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Dlol 




S/R T/C 
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<7 
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Figure 6. Talker/Listener Data Configuration 
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Table 4. Mode 1 Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


t/rT 


1 




Transmit Receive 1 : Controls the di- 
rection for DAV and the DIO lines. If 
T/R1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is TTL compatible. 


loi 

ATN 


3 
4 


I 
I 


End Of Sequence And Attention: 

Processor GPIB control lines. These 
two control signals are ANDed to- 
gether to determine whether all the 
transceivers in the 8293 are three- 
state (push-pull) or open-collector. 
When both signals are low (true), 
then the controller is performing a 
parallel poll and the transceivers are 
all open-collector. These inputs are 
TTL compatible. 


DW 


24 


I/O 


Data Valid: Processor GPIB bus 
handshake control line; used to indi- 
cate the condition (availability and 
validity) of information on the DIO 
signals. It is TTL compatible. 


DAV* 


21 


I/O 


Data Valid: IEEE GPIB bus hand- 
shake control line. When an input, it 
is a TTL compatible Schmitt-trigger. 
When DAV* is an output, it can sink 48 
mA. 


DioT- 

DI08 


25, 23, 

10, 9, 

8, 7, 

6, 5 


I/O 


Data Input/Output: Processor GPIB 
bus data lines; used to carry message 
and data bytes in a bit-parallel byte- 
serial form controlled by the three 
handshake signals. These lines are 
TTL compatible. 


DIO* 
DI08* 


22,19, 
18, 17, 
16,15, 
13, 12 


I/O 


Data Input/Output: IEEE GPIB bus 
data lines. They are TTL compatible 
Schmitt-triggers when used for in- 
put and can sink 48 mA when used for 
output. See ATN and EOI descrip- 
tion for output mode. 



NDAC" 




NOTE: FUNCTION OF ATN TRANSCEIVER 



S/R = LOW 
ATNI = ATN* 
ATN" = ATN* 
ATN* = INPUT 
ATNO = INPUT 



S/R = H IGH 
ATNI = ATNO 
ATN = HIGH 
ATN* = ATNO 
ATNO = INPUT 



Figure 7. Talker/Listener/Controller Control 
Configuration 
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Table 5. Mode 2 Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


T/R1 


1 


I 


Transmit Receive 1: Direction control 
for NDAC and NRFD. If T/R1 is high, then 
NDAC and NRFD are receiving. Input is 
TTL compatible. 


NDAC 


10 


I/O 


Not Data Accepted: Processor GPIB 
bus handshake control line; used to in- 
dicate the condition of acceptance of 
data by device(s). This pin is TTL com- 
patible. 


NDAC* 


18 


I/O 


Not Data Accepted: IEEE GPIB bus 
handshake control line. It is a TTL com- 
patible Schmitt-trigger when used for 
input and an open-collector driver with a 
48 mA current sink capability when used 
for output. 


NffFTJ 


9 


I/O 


Not Ready For Data: Processor GPIB 
bus handshake control line; used to in- 
dicate the condition of readiness of de- 
vice^) to accept data. This pin is TTL 
compatible. 


NRFD* 


17 


I/O 


Not Ready For Data: IEEE GPIB bus 
handshake control line. It is a TTL com- 
patible Schmitt-trigger when used for 
input and an open-collector driver with a 
48 mA current sink capability when used 
for output. 


SYC 


22 


I 


System Controller: Used to monitor the 
system controller switch and control the 
direction for IFC and REN. This pin is a 
TTL compatible input. 


REN 


6 


I/O 


Remote Enable: Processor GPIB con- 
trol line; used by the active controller 
(in conjunction with other messages) 
to select between two alternate sources 
of device programming data (remote or 
local control). This pin is TTL com- 
patible. 


REN* 


13 


I/O 


Remote Enable: IEEE GPIB bus control 
line. When used as an input, this is a TTL 
compatible Schmitt-trigger. When an 
output, it is a three-state driver with a 48 
mA current sinking capability. 


IFC 


5 


I/O 


Interface Clear: Processor GPIB bus 
control line; used by the active con- 
troller to place the interface system into 
a known quiescent state. This pin is TTL 
compatible. 


IFC* 


12 


I/O 


Interface Clear: IEEE GPIB control 
line. This is a TTL compatible Schmitt- 
trigger when used for input and a three- 
state driver capable of sinking 48 mA 
current when used for output. 


cic 


24 


I 


Controller In Charge: Used to control 
the direction of the SRQ and to indicate 
that the 8292 is in charge of the bus. CIC 
is a TTL compatible input. 



Symbol 


Pin 
No. 


Type 


Name and Function 


CLTH 


21 


I 


Clear Latch: Used to clear the IFC Re- 
ceived latch after it has been recognized 
by the 8292. Normally low (except after a 
hardware reset), it will be pulsed low 
when IFC Received is recognized by the 
8292. This input is TTL compatible. 


Tfcl 


25 





IFC Received Latch: The 8292 moni- 
tors the IFC line when it is not the active 
controller through this pin. 


SRQ 


8 


I/O 


Service Request: Processor GPIB con- 
trol line; indicates the need for attention 
and requests the active controller 
to interrupt the current sequence of 
events on the GPIB bus. This pin is TTL 
compatible. 


SRQ* 


16 


I/O 


Service Request: IEEE GPIB bus con- 
trol line. When used as an input, this pin 
is a TTL compatible Schmitt-trigger. 
When used as an output, it is an open- 
collector driver with a 48 mA current 
sinking capability. 


T/R2 


2 


I 


Transmit Receive 2: Controls the di- 
rection for EOl. This input is TTL com- 
patible. 


aTno 


23 


I 


Attention Out: Processor GPIB bus 
control line; used by the 8292 for ATN 
control of the IEEE bus during "take 
control synchronously" operations. A 
low on this input causes ATN to be as- 
serted if CIC indicates that this 8292 is in 
charge. ATNO is aTTL compatible input. 


aTnT 


11 





Attention In: Processor GPIB bus con- 
trol line; used by the 8292 to monitor the 
ATN line. This output is TTL compatible. 


atn 


4 





Attention: Processor GPIB bus control 
line; used by the 8292 to monitor the ATN 
line. This output is TTL compatibe. 


ATN* 


19 


I/O 


Attention: IEEE GPIB bus control line; 
used by a controller to specify how data 
on the DIO signal lines are to be inter- 
preted and which devices must respond 
to data. When used as an output, this pin 
is a three-state driver capable of sinking 
48 mA current. As an input, it is a TTL 
compatible Schmitt-trigger. 


EOI2 


7 


I/O 


End Or Identify 2: Processor GPIB bus 
control line; used in conjunction with 
ATN by the active controller (the 8292) to 
execute a polling sequence. This pin is 
TTL compatible. 


EOl 


3 


I/O 


End Or Identify: Processor GPIB bus 
control line; used by a talker to indicate 
the end of a multiple byte transfer se- 
quence. This pin is TTL compatible. 
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Table 5. Mode 2 Pin Description (Continued) 



Table 6. Mode 3 Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


eoi* 


15 


I/O 


End Or Identify: IEEE GPIB bus control 
line; used by a talker to indicate the end 
of a multiple byte transfer sequence or, 
by a controller in conjunction with ATN, 
to execute a polling sequence. When an 
output, this pin can sink 48 mA current. 
When an input, it is a TTL compatible 
Schmitt-trigger. 



ATrTQ 
Tfcl 




^ 


T/R1 


S/R T/C 








S/R T/C 

_l L_ 








S/R T/C 

_J l_ 








S/R T/C 

_J L_ 








S/R T/C 

-J l_ 








S/R T/C 

J l_ 








S/R T/C 

r L 








|S/R T/C| 




EOI 


"T^o 


S/R T/C 

L_i j 




ATN 


JLJ° 





OPT A 
OPTB 



Figure 8. Talker/Listener/Controller Data 
Configuration 



Symbol 


Pin 
No. 


Type 


Name and Function 


T/R1 


1 




Transmit Receive 1 : Controls the di- 
rection for DAV and the DIO lines. If 
T/R1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is TTL compatible. 


EOT 
ATN 


3 
4 


I 
I 


End Of Sequence and Attention: 

Processor GPIB control lines. These 
two control lines are ANDed together 
to determine whether all the trans- 
ceivers in the 8293 are push-pull or 
open-collector. When both signals 
are low (true), then the controller is 
performing a parallel poll and the 
transceivers are all open-collector. 
These inputs are TTL compatible. 


aTno 


11 


I 


Attention Out: Processor GPIB con- 
trol line; used by the 8292 during 
"take control synchronously" opera- 
tions. This pin is TTL compatible. 


iFCL 


2 




interface Clean Latched: Used to 
make DAV received after the system 
controller asserts IFC. This input is 
TTL compatible. 


DAV 


24 


I/O 


Data Valid: Processor GPIB hand- 
shake control line; used to indicate 
the condition (availability and 
validity) of information on the DIO 
signals. This pin is TTL compatible. 


DAV* 


21 


I/O 


Data Valid: IEEE GPIB handshake 
control line. When an input, this pin is 
a TTL compatible Schmitt-trigger. 
When DAV* is an output, it can sink 48 
mA. 


DJOI- 
DI08 


25, 23, 

10, 9, 

8, 7, 

6, 5 


I/O 


Data Input/Output: Processor GPIB 
bus data lines; used to carry message 
and data bytes in a bit-parallel byte- 
serial from controlled by the three 
handshake signals. These lines are 
TTL compatible. 


DI01* 
DI08* 


22, 19, 
18,17, 
16,15, 
13,12 


I/O 


Data Input/Output: IEEE GPIB bus 
data lines. They are TTL compatible 
Schmitt-triggers when used for input 
and can sink 48 mA when used for 
output. 
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TO 

MICROPROCESSOR 

INTERFACE 



GPIB TRIGGER OUTPUT - 



DO 

D1 

D2 

03 

D4 

D5 

D6 

D7 

RSC 

RS1 

RS2 

CS 

RD 

WR 

INT 

CLOCK 

RESET 

DREQ 

DACK 

TRIG 



DiOl 
DI02 
DI03 
DI04 
DI05 
DI06 

6767 

DI08 
DAV 
T/R1 
ATN 
EOT 
T/R2 
NDAC 
NRFD 
SRQ 
REN 
IFC 



* =GPIB BUS TRANSCEIVER 



DI01 
DT02 
DI03 
DiOl 
6T05 
DI06 

DloT 

DI08 
DAV 
T/R1 
ATN 
EOi 



DI01* 
DI02* 
DI03* 
DI04* 
DI05* 
DI06* 
DI07* 
DI08* 
DAV* 
OPTA 
OPTB 



TO 

IEEE-488 

BUS 



Vcc 

GND 



EOI 

ATN 

T/R1 

T/R2 

NDAC 

NRFD 

SRQ 

REN 

IFC 



EOI* 
ATN* 



NDAC* 
NRFD* 
SRQ* 
REN* 
IFC* 
OPTA 
OPTB 



TO 

IEEE-488 

BUS 



Figure 9. 8291 and 8293 System Configuration 
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DO DI01 

D1 DI02 

D2 DI03 
D3 

D4 

D5 Dl05 
D6 DI06 
D7 DI07 
RSO 8291 5708 

RS1 T/R1 
RS2 

RD DAV 
WR EOl 
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DREQ SRQ 
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CLOCK ^ 

INT NRFD 

T/R2 

TRIG REN 


28 25 


dioi Dior 

DI02 DI02* 

D~T03 DI03* 

DI04 DI04* 

DJ05 DI05* 

DI06 DI06* 

D?07 DI07* 

8293 

DI08 DI08* 

T/R1 

DAV DAV 

Ioi 

ATN 

ATNO OPTA 

IFCL OPTB 
MODE 3 


22 . 


13 


29 23 


19 
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16 
15 
13 
12 
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IEEE-488 
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14 


30 10 
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31 9 
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Figure 10. 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature - 65°C to + 150°C 

Voltage on any Pin with 

Respect to Ground - 1.0V to + 7V 

Power Dissipation 1 Watt 



"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 


= 5.0V ±10%, GND = 0V) 






Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V,L1 


Input Low Voltage (GPIB Bus Pins) 






0.8 


V 




V,L2 


Input Low Voltage (Option Pins) 


-0.1 




0.1 


V 




V|L3 


Input Low Voltage (All Others) 






0.8 


V 




V,H1 


Input High Voltage (GPIB Bus Pins) 


2.0 






V 




V,H2 


Input High Voltage (Option Pins) 


4.5 




5.5 


V 




V,H3 


Input High Voltage (All Others) 


2.0 






V 




V0L1 


Output Low Voltage (GPIB Bus Pins) 






0.5 


V 


l L=48mA 


V L2 


Output Low Voltage (All Others) 






0.5 


Y 


ioL=i6 nnA 


V OH1 


Output High Voltage (GPIB Bus Pins) 


2.4 






V 


l 0H = -5.2 mA 


V OH2 


Output High Voltage (All Others) 


2.4 






V 


Iqh = -800 AtA 


V,H4 


Receiver Input Hysteresis 


400 


600 




mV 




V,T 




0.8 


1.0 




V 




Mocoivcr input i nrosnoia Low tQ Hjgh 




1.6 


2.0 


"U1 


Low Input Load Current (GPIB Bus Pins) 


-3.2 




0.0 


mA 


V, L =0.8V 


"IL 


Input Leakage Current (All Others) 






10 


MA 


0.4V ^V| N ^ V C c 


'PD 


Bus Power Down Leakage Current 






40 


ma 


ov^v B us^ 27V 


'cc 


Power Supply Current 




110 


175 


mA 





CAPACITANCE 



Symbol 


Parameter 


Min. 


TVp. 


Max. 


Unit 


Test Conditions 


C I01 


I/O Capacitance (GPIB Side) 




50 


60 


PF 


V|N =Vcc 


C I02 


I/O Capacitance (System Side) 




40 


50 


PF 


v OUT =VcC 


C|TR 


Input Capacitance (T/R1, T/R2) 




10 


20 


PF 


V|N = Vcc 
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A.C. CHARACTERISTICS (T A = o°c to 70°c, v C c = 5.ov ±10%, gnd = ov> 



Symbol 


Parameter 


Ty P .* 


Max. 


Units 


tpi 


Transmitter Propagation Delay (All Lines) 


20 


35 


ns 


tpi 


Receiver Propagation Delay (EOI, ATN and Handshake Lines) 


30 


50 


ns 


tP3 


Receiver Propagation Delay (All Other Lines) 


40 


60 


ns 


*PHZ1 


Transmitter Disable Delay (High to 3-State) 


20 


35 


ns 


*PZH1 


Transmitter Enable Delay (3-state to High) 


20 


35 


ns 


*PLZ1 


Transmitter Disable Delay (Low to 3-State) 


25 


40 


ns 


*PZL1 


Transmitter Enable Delay (3-State to Low) 


15 


30 


ns 


*PHZ2 


Receiver Disable Delay (High to 3-State) 


25 


40 


ns 


tpZH2 


Receiver Enable Delay (3-State to High) 


20 


35 


ns 


*PLZ2 


Receiver Disable Delay (Low to 3-State) 


25 


40 


ns 


tpZL2 


Receiver Enable Delay (3-State to Low) 


20 


35 


ns 


tMS 


Mode Switch Delay 




10 


/LIS 



'Typical @ T A = 25°C. 
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TYPICAL OUTPUT LOADING CIRCUITS 



TO SCOPE 
(OUTPUT) 



BUS 
O— 



C L ^ 30 pF 



C L INCLUDES JIG AND PROBE CAPACITANCE 



Data Input to Bus Output (Driver) 



TO SCOPE 
(OUTPUT) 



BUS 
O — 



C L ~Z 15 p f 



► 13.5Q 

I (tpLZ1, tpzLl) 

> (tPHZ1, tpzm) 

£480Q 



C L INCLUDES JIG AND PROBE CAPACITANCE 



Send/Receive Input to Bus Output (Driver) 



TO SCOPE 

(OUTPUT) +5.0V 



DATA 
O 



H4- 



X7 IN916 

-*"■ OR EQUIV. 



C L INCLUDES JIG AND PROBE CAPACITANCE 



Bus Input to Data Output (Receiver) 



TO SCOPE 
(OUTPUT) 



► 280Q 



DATA 
O — 



C L ^15pF 



!• (tpLZ2- <PZL2) 
> 0PHZ2. tpZH2) 
►3KQ 



C L INCLUDES JIG AND PROBE CAPACITANCE 



Send/Receive Input to Data Output (Receiver) 
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WAVEFORMS 



tRISE = tFALL < 5 nS 

DUTY CYCLE = 50% 



OUTPUT 

(TRANSMITTER PROP. DELAY) 

FIGURE 11 LOAD 

OUTPUT 

(RECEIVER PROP. DELAY) 

FIGURE 12 LOAD 

OUTPUT 

(TRANSMITTER ENABLE DELAY 

WITH INPUT HIGH) 

FIGURE 13 LOAD 

OUTPUT 

(TRANSMITTER ENABLE DELAY 

WITH INPUT LOW) 

FIGURE 13 LOAD 

OUTPUT 

(RECEIVER ENABLE DELAY 

WITH INPUT HIGH) 

FIGURE 14 LOAD 

OUTPUT 

(RECEIVER ENABLE DELAY 

WITH INPUT LOW) 

FIGURE 14 LOAD 

* DELAYS ARE REFERENCED AGAINST PERCENTAGE OF FINAL OUTPUT WHEREVER 3-STATE OUTPUTS ARE INVOLVED BECAUSE THE RISE AND FALL TIMES DEPEND 
ON THE EXTERNAL PULL-UP AND PULL-DOWN LOADS. 
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DATA ENCRYPTION UNIT 



■ Certified by National Bureau of 
Standards 

■ 80 Byte/Sec Data Conversion Rate 

■ 64-Bit Data Encryption Using 56-Bit 
Key 

■ DMA Interface 

■ 3 Interrupt Outputs to Aid in Loading 
and Unloading Data 



7-Bit User Output Port 

Single 5V ± 10% Power Supply 

Peripheral to MCS-86™, MCS-85™, 
MCS-80™ and MCS-48™ Processors 

Implements Federal Information 
Processing Data Encryption Standard 

Encrypt and Decrypt Modes Available 



The Intel® 8294 Data Encryption Unit (DEU) Is a microprocessor peripheral device designed to encrypt and decrypt 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 84-bit text words using a 56-bit user-specified key to produce 84-bit cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma- 
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 
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D3C 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


NC 


1 




No Connection. 


X1 
X2 


2 
3 


I 


Crystal: Inputs for crystal, L-C or exter- 
nal timing signal to determine internal 
oscillator frequency. 


RESET 


4 


I 


Reset: A low signal to this pin resets 
the 8294. 


NC 


5 




No Connection: No connection or tied 
high. 


CS 


6 


I 


Chip Select: A low signal to this pin 
enables reading and writing to the 8294. 


GND 


7 




Ground: This pin must be tied to 
ground. 


RD 


8 


I 


Read: An active low read strobe at this 
pin enables the CPU to read data and 
status from the internal DEU registers. 


A 


9 


I 


Address: Address input used by the 
CPU to select DEU registers during read 
and write operations. 


WR 


10 


1 


Write: An active low write strobe at this 
pin enables the CPU to send data and 
commands to the DEU. 


SYNC 


11 





Sync: High frequency (Clock -5- 15) out- 
put. Can be used as a strobe for external 
circuitry. 


Do 
Di 
D 2 
D 3 
D 4 
D 5 
D 6 
D 7 


12 
13 
14 
15 
16 
17 
18 
19 


I/O 


Data Bus: Three-state, bi-directional 
data bus lines used to transfer data be- 
tween the CPU and the 8294. 


GND 


20 




Ground: This pin must be tied to 
ground. 


Vcc 


40 




Power: +5 volt power input: +5V ± 
10%. 



Symbol 


Pin 
No. 


Type 


Name and Function 


NC 


39 




No Connection. 


DACK 


38 


I 


DMA Acknowledge: Input signal from 
the 8257 DMA Controller acknowledg- 
ing that the requested DMA cycle has 
been granted. 


DRQ 


37 


O 


DMA Request: Output signal to the 
8257 DMA Controller requesting a DMA 
cycle. 


SRQ 


38 


O 


Service Request: Interrupt to the CPU 
indicating that the 8294 is awaiting data 
or commands at the input buffer. 
SRQ=1 implies IBF=0. 


OAV 


35 





Output Available: Interrupt to the CPU 
indicating that the 8294 has data or 
status available in its output buffer. 
OAV=1 implies OBF=1. 


NC 


34 




No Connection. 


P6 
P5 
P4 
P3 
P2 
P1 
P0 


33 
32 
31 
30 
29 
28 
27 





Output Port: User output port lines. 
Output lines available to the user via a 
CPU command which can assert sel- 
ected port lines. These lines have no- 
thing to do with the encryption function. 
At power-on, each line is in a 1 state. 


Vdd 


26 




Power: +5V power input. (+5V ±10%) 
Low power standby pin. 


Vcc 


25 




Power: Tied high. 


CCMP 


24 





Conversion Complete: Interrupt to the 
CPU indicating that the encryption/ 
decryption of an 8-byte block is com- 
plete. 


NC 


23 




No Connection. 


NC 


22 




No Connection. 


NC 


21 




No Connection. 
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FUNCTIONAL DESCRIPTION 
OPERATION 

The data conversion sequence is as follows: 

1. A Set Mode command is given, enabling the desired 
interrupt outputs. 

2. An Enter New Key command is issued, followed by 8 
data inputs which are retained by the DEU for encryp- 
tion/decryption. Each byte must have odd parity. 

3. An Encrypt Data or Decrypt Data command sets the 
DEU in the desired mode. 

After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands may be issued between data 
conversions to change the basic operation of the DEU; 
e.g., a Decrypt Data command could be issued to 
change the DEU from encrypt mode to decrypt mode 
without changing either the key or the interrupt outputs 
enabled. 

INTERNAL DEU REGISTERS 

Four internal registers are addressable by the master 
processor. 2 for input, and 2 for output. The following 
table describes how these registers are accessed. 

RD WR CS An Register 



1 











Data input buffer 





1 








Data output buffer 


1 








1 


Command input buffer 





1 





1 


Status output buffer 


X 


X 


1 


X 


Don't care 



IBF 



DEC 



CF 



Input Buffer Full; A write to the Data Input Buffer 
or to the Command Input Buffer sets IBF=1.The 
DEU resets this flag when it has accepted the 
input byte. Nothing should be written when 
!BF=1. 

Decrypt; indicates whether the DEU is in an en- 
crypt or a decrypt mode. DEC = 1 implies the 
decrypt mode. DEC = implies the encrypt 
mode. 

Completion Flag; This flag may be used to indi- 
cate any or all of three events in the data transfer 
protocol. 

1. It may be used in lieu of a counter in the 
processor routine to flag the end of an 8- 
byte transfer. 

2. It must be used to indicate the validity of 
the KPE flag. 

3. It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA oper- 
ation. 

Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incorrect 
parity. 



COMMAND SUMMARY 
1 — Enter New Key 

OP CODE: r_ ' "" 



KPE 



10 



MSB 



LSB 



The functions of each of these registers are described 
below. 



This command is followed by 8 data byte inputs which 
are retained in the key buffer (RAM) to be used in 
encrypting and decrypting data. These data bytes must 
have odd parity represented by the LSB. 



Data Input Buffer — Data written to this register is inter- 
preted in one of three ways, depending on the preceding 
command sequence. 

1 . Part of a key. 

2. Data to be encrypted or decrypted. 

3. A DMA block count. 



2 — Encrypt Data 

OP CODE: [o | | 1 | 1 | | | | o] 

MSB LSB 

This command puts the 8294 into the encrypt mode. 



Data Output Buffer — Data read from this register is the 
output of the encryption/decryption operation. 

Command Input Buffer — Commands to the DEU are 

written into this register. (See command summary 
below.) 

Status Output Buffer — DEU status is available in this 
register at all times. It is used by the processor for poll- 
driven command and data transfer operations. 

STATUS BIT: 
FUNCTION: 

OBF Output Buffer Full; OBF = 1 indicates that output 
from the encryption/decryption function is 
available in the Data Output Buffer. It is reset 
when the data is read. 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


KPE 


CF 


DEC 


IBF 


OBF 



3 — Decrypt Data 

OP CODE: 



10 



MSB LSB 

This command puts the 8294 into the decrypt mode. 



4 — Set Mode 

OP CODE: lo I 0| 0| 0| A I B I C| 



3 



MSB 



LSB 



where: 

A is the OAV (Output Available) interrupt enable 
B is the SRQ (Service Request) interrupt enable 
C is the DMA (Direct Memory Access) transfer enable 
D is the CCMP (Conversion Complete) interrupt enable 
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This command determines which interrupt outputs will 
be enabled. A "1" in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively. A "1" in bit C will 
allow DMA transfers. When bit C is set the OAV and 
SRQ interrupts should also be enabled (bits A,B=1). 
Following the command in which bit C, the DMA bit, is 
set, the 8294 will expect one data byte to specify the 
number? of S^byte blocks to be converted using DMA. 

5 — Write to Output Port 

OP CODE: 



ElEE 



MSB LSB 

This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. The initial output data is 1111111. Use of 
this port is independent of the encryption/decryption 
function. 



PROCESSOR/DEU INTERFACE PROTOCOL 

ENTERING A NEW KEY 

The timing sequence for entering a new key is shown in 
Figure 3. A flowchart showing the CPU software to 
accommodate this sequence is given in Figure 4. 



SRQ 
(IF ENABLED) 



~LrLn___i"L_ 
'_n_n_n_____n 



•zr 



x 



.J~L_ 



U~— LT" 



■~LT 



J"L 



IT 



WR I I KEY I [7eY ~1 [KEY 

LJ Ljdata LJdata LJdat, 



After the Enter New Key command is issued, 8 data 
bytes representing the new key are written to the data 
input buffer (most significant byte first). After the eighth 
byte is accepted by the DEU, CF goes true (CF= 1). The 
CF bit goes false again when KPE is valid. The CPU can 
then check the KPE flag. If KPE= 1, a parity error has 
been detected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the parity bit 
is the LSB of each byte. 

Since the CF bit is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF = 1 only as long as KPE is 
invalid. Therefore, the CPU might not detect that CF= 1 
and the key entry is complete before KPE becomes 
valid. Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 







(start) 








I 








Lno/ 


IBF = 0? 


) 






"| Ybb 






1 COMMAND REGISTER— 40H 






I-O 








,| 




[no/ 






IBF = 0? 


) 










1 DATA REGISTER 1 BYTE OF KEY 




-I 






Ino/ 






IBF = 0? 

| YES 


) 




I M t , | 




no/ 


^^ 






l = 8? J 

— '( YES 

CF = 0? J 
J YES 




Ino/ 


No/ 


KPE = 0? 
I YES 


>i 




k 


) 





Figure 3. Entering a New Key 



Figure 4. Flowchart for Entering a New Key 
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ENCRYPTING OR DECRYPTING DATA 

Figure 5 shows the timing sequence for encrypting or 
decrypting data. The CPU writes 8 data bytes to the 
DEU's data input buffer for encryption/decryption. CF 
then goes true (CF=1) to indicate that the DEU has 
accepted the 8-byte block. Thus, the CPU may test for 
IBF=sQ and CF=t to terminate the input mode, or it 
may use a software counter. When the encryption/- 
decryption is complete, the CCMP and OAV interrupts 
are asserted and the OBF flag is set true (OBF = 1). OAV 
and OBF are set false again after each of the converted 
data bytes is read back by the CPU. The CCMP interrupt 
is set false, and remains false, after the first read. After 
8 bytes have been read back by the CPU, CF goes false 
(CF = 0). Thus, the CPU may test for CF = to terminate 
the read mode. Also, the CCMP interrupt may be used to 
initiate a service routine which performs the next series 
of 8 data reads and 8 data writes. 



CCMP I 
(IF ENABLED) | 


SRQ I 
(IF ENABLED) | 

"Jl 

OAV 
(IF ENABLED) 


n__ji_ 




_jl n 




j~lj~l 


OBF 




_ju~l_ji_ 


•J_ 


r 


i 


RD 

WBJJ 


~U"~IT" 

8 DATA WRITES 100 ms - 


~~ inrir 


MAXIMUM 8 DATA READS 



Figure 5. Encrypting/Decrypting Data 



Figure 6 offers two flowcharts outlining the alternative 
means of implementing the data conversion protocol. 
Either the CF flag or a software counter may be used to 
end the read and write modes. 



SRQ=1 implies IBF = 0, OAV=1 implies OBF= 1. This 
allows interrupt routines to do data transfers without 
checking status first. However, the OAV service routine 
must detect and flag the end of a data conversion. 



USING SOFTWARE COUNTER 





1-0 [ 








Ln°( ,bf=o ? ) 




*\ YES 




DATA REGISTER -*— 1 DATA BYTE 








I *|YES 
L^{" IBF = 0? ) 

I 




L 


hH + 1 | 


uof 


i-tr ) 


\ 


^ rea 


NO/' 


OBF = 1? J 

(yes 




V 




| READ 1 CODED DATA BYTE | 




J 




I W-1 1 






I 


NO/' 


...» ) 








{ IBF = 0? J 



DATA REGISTER-*- 1 DATA BYTE 



T 



S ( IBF = 0? ) 

" T YES~ 

9 ( CF-1? ) 
*4 YES 



( cf-w y a-^) 

— ^ { OBF = 1 ? ) 

|yes 

read 1 coded data byte 



Figure 6. Data Conversion Flowcharts 
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USING DMA 

The timing sequence for data conversions using DMA is 
shown in Figure 7. This sequence can be better 
understood when considered in conjunction with the 
hardware DMA interface in Figure 8. Note that the use of 
the DMA feature requires 3 external AND gates and 2 
DMA channels (one for input, one for output). Since the 
DEU has only one DMA request pin, the SRQ and OAV 
outputs are used in conjunction with two of the AND 
gates to create separate DMA request outputs for the 2 
DMA chan nels. T he third AND gate combines the two 
active-low DACK inputs. 



CCMP 
(IF ENABLED) 






r 










-_l 1 

SRQ"" Lf~-[_ 
OAV 


RT'l 
1 






n_. 


J L_ 
._TL_ 

"i_r 


DMAR 


rLTU 




DACK 


RD 

«"iru 

SET DMA 
DMA BLOC 
MODE COUN 


~lt"it 

K 8 DMA READS 
T(n) 


u 


8 DMA WRITES 


REPEATED n TIMES 





Figure 7. DMA Sequence 



A0-A15 D0-D7 



A8-A15 



A0-A7 



INT- 

Sp- 

WR- 




To initiate a DMA transfer, the CPU must first initialize 
the two DMA channels as shown in the flowchart in 
Figure 9. It must then issue a Set Mode command to the 
DEU enabling the OAV, SRQ, and DMA outputs. The 
CCMP interrupt may be enabled or disabled, depending 
on whether that output is desired. Following the Set 
Mode command, there must be a data byte giving the 
number of 8-byte blocks of data (n<256) to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with no further CPU 
intervention. When the requested number of blocks 
has been converted, the DEU will set CF and assert the 
CCMP interrupt (if enabled). CCMP then goes false 
again with the next write to the DEU (command or data). 
Upon completion of the conversion, the DMA mode is 
disabled and the DEU returns to the encrypt/decrypt 
mode. The enabled interrupt outputs, however, will 
remain enabled until another Set Mode command is 
issued. 





USING DMA 
feTARH 






INITIALIZE DMA READ CHANNEL POINTER 




INITIALIZE DMA WRITE CHANNEL POINTER 


ENABLE DMA CHANNELS 




,| 






I I 






Li*<L( ,bf=o? ) 

I YES 






COMMAND REGISTER - OEH OR OFH 






J 






* 






Lm-Q .bf=o? ) 

| YES 




[ DATA REGISTER NUMBER OF BLOCKS TO BE CODED | 




. 






I * 






Tyes 





Figure 8. DMA Interface 



Figure 9. DMA Flowchart 



SINGLE BYTE COMMANDS 

Figure 10 shows the timing and protocol for single byte 
commands. Note that any of the commands is effective 
as a pacify command in that they may be entered at any 
time, except during a DMA conversion. The DEU is thus 
set to a known state. However, if a command is issued 
out of sequence, an additional protocol is required 
(Figure 11). The CPU must wait until the command is 
accepted (IBF = 0). A data read must then be issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer. 
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CPU/DEU INTERFACES 

Figures 12 through 15 illustrate four interface configura- 
tions used in the 'CPLMD&U data transfers. In all cases 
SftQ will be true (itornibled) and IBB will fee false when 
the DEUiS' ready i® ^scept data or icomjsiands. 



SRQ 
(IF ENABLED) 




<- -/ IbT^ ^ 



COMMAND REGISTER COMMAND 







INTERFACE TO 8086, 8088, 

8080, 8085, 8048, OR — 
OTHER PROCESSOR 



Do- 
D 7 

WR - 

RD - 

CS - 

Ao- 



<^> 



8294 
DEU 



Figure 12. Polling Interface 



Figure 10. Single Byte Commands 




-f IBF = 0? J 



COMMAND REGISTER-* — 00H 



/ IBF = 0? J 



READ DATA REGISTER 




MASTER 
PROCESSOR - 
INTERFACE 



R<K> 



RD - 
WR - 
CS - 

Ao - 



8294 
DEU 



Figure 13. Single Interrupt Interface 



MASTER 

PROCESSOR 

INTERFACE 



INT1- 
INT2- 



*<=%> 



m- 

WR- 
CS- 

A - 



8294 
DEU 



— E^- 



FigureH. Pacify Protocol 



Figure 14. Dual Interrupt Interface 
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A0-A15 D0-D7 



As-Ais 



A0-A7 




DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 



Figure 15. DMA Interface 

OSCILLATOR AND TIMING CIRCUITS 

The 8294's internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A choice of 
crystal, L-C or external clock can be used to derive the 
basic oscillator frequency. 

The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
16. 





X1 


X2 


















SYNC 






6 MHz 
OSCILLATOR 
























-5-3 

STATE 

COUNTER 




4-5 

CYCLE 

COUNTER 














; 


(2.5 usee) 






Vw 








INTERNAL TIMING 









<15pF I 
(INCLUDES XTAL, ±1 
SOCKET, STRAY) I 



15-25 pF . 
(INCLUDES 
SOCKET, -±- 
STRAY) " 



20 pF 



"="20 pF 



X1 



X 2 



8294 



Figure 16. Oscillator Configuration 

OSCILLATOR 

The on-board oscillator is a series resonant circuit with 
a frequency range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or inductor and capacitator connected 
between X1 and X2 provide the feedback and proper 
phase shift for oscillation. Recommended connections 
for crystal or L-C are shown in Figure 17. 



Figure 17. Recommended Crystal 
and L-C Connections 

A recommended range of inductance and capacitance 
combinations is given below: 

L = 1 20 fxH corresponds to 3 M Hz 
L= 45 ^H corresponds to 5 MHz 
An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com- 
patible. The signal must be in the 1MHz-6MHz fre- 
quency range and must be connected to pins X1 and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic "1" is above 3.8 volts. The recommended 
connection is shown in Figure 18. 
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470£2 < 



+5V 



470^ 



H>- 



STANDARD TTL OR 
OPEN COLLECTOR 



X1 



X 2 



8294 



Figure 18. Recommended Connection for External Clock Signal 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70 °G 

Storage Temperature - 65 °C to + 150°C 

Voltage on Any Pin With 

Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS (T A = o°c to 70°c, v cc = +5V ± 10%, v ss = ov) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage (All 
Except X 1s X 2 , RESET) 


-0.5 




0.8 


V 




V,L1 


Input Low Voltage (X 1f X 2 , 
RESET) 


-0.5 




0.6 


V 




V,H 


Input High Voltage (All 
Except X 1f X 2 , RESET) 


2.2 




Vcc 


V 




V,H1 


Input High Voltage (X 1f X 2 , 
RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (D -D 7 ) 






0.45 


V 


l i_= 2.0 mA 


Vou 


Output Low Voltage (All 
Other Outputs) 






0.45 


V 


l L=1-6mA 


V H 


Output High Voltage (D -D 7 ) 


2.4 






V 


| oh =-400mA 


V H1 


Output High Voltage (All 
Other Outputs) 


2.4 






V 


I oh =-50mA 


IlL 


Input Leakage Current 
(RD, WR, CS, A ) 






±10 


mA. 


Vss<V, N <V C c 


"oz 


Output Leakage Current 
(D -D 7 , High Z State) 






±10 


ha 


V ss +0.45 ^ Vqut ^ Vcc 


'dd 


V DD Supply Current 




5 


15 


mA 




'dd+ 'cc 


Total Supply Current 




60 


125 


mA 




»LI 


Low Input Load Current 
(Pins 24, 27-38) 






0.5 


mA 


V, L =0.8V 


Ilm 


Low Input LOad Current 
(RESET) 






0.2 


mA 


V, L =0.8V 


l|H 


Input High Leakage Current 
(Pins 24, 27-38) 






100 


fxA 


V.n = Vcc 


C|N 


Input Capacitance 






10 


PF 




Ci/o 


I/O Capacitance 






20 


pF 
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A.C. CHARACTERISTICS fr A = o°c to 70°c, v cc = v DD = +5V ± 10%, v ss = ov> 



DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A R 


CS, A Setup to RD 1 







ns 




tRA 


CS, A Hold After RD t 







ns 




*RR 


RD Pulse Width 


250 




ns 




*AD 


CS, A to Data Out Delay 




225 


ns 


C L =150pF 


*RD 


RD Ho Data Out Delay 




225 


ns 


C L =150pF 


tDF 


RD t to Data Float Delay 




100 


ns 




tcY 


Cycle Time 


2.5 


15 


^ 


6 MHz Crystal 


DBB WRITE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Uw 


CS, A Setup to WR* 







ns 




*WA 


CS, A Hold After WR t 







ns 




tyvw 


WR Pulse Width 


250 




ns 




tDW 


Data Setup to WR t 


150 




ns 




twD 


Data Hold to WR t 







ns 




DMA AND INTERRUPT TIMING 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DACK Setup to Control 







ns 




*CAC 


DACK Hold After Control 







ns 




UCD 


DACK to Data Valid 




225 


ns 


C L =150pF 


tCRQ 


Control LE. to DRQ T.E. 




200 


ns 




tci 


Control T.E. to Interrupt T.E. 




tcY+500 


ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 
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READ OPERATION— OUTPUT BUFFER REGISTER 
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DOT MATRIX PRINTER CONTROLLER 



■ Interfaces Dot Matrix Printers to 
MCS-48™, MCS-80/85™, MCS-86™ 
Systems 

■ 40 Character Buffer On Chip 

■ Serial or Parallel Communication with 
Host 

■ DMA Transfer Capability 

■ Programmable Character Density (10 or 
12 Chararcters/lnch) 



Programmable Print Intensity 
Single or Double Width Printing 
Programmable Multiple Line Feeds 
3 Tabulations 
2 General Purpose Outputs 



The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 

The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters 
and contains a 7x 7 matrix character generator accommodating 64 ASCII characters. 



\ / \ 
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\| \/ BUFFERS \] 1/ 



DACK/SIN 

DRQ/CTS 

RESET 
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CONTROL 

















SYNC - 
XTAL1 - 
XTAL2 - 



<^> 



* STB 

* MOT 
► PFM 

- HOME 

- PFEED 



:> 



PFEED C 1 
XTAL1 C 2 
XTAL2C 3 

RESET C 4 

NC[ 6 
£SC 6 
GNDC 7 
EDC 8 

vccC 9 
"WrC 10 

SYNCC 11 

DoC 12 

Did 13 

D 2 C 14 

D 3 C 15 

04 C 16 

D5C 17 

d 6 [I is 

D 7 C 19 

gndC 20 



) DVcc 

39 UHOME 

38 JDAfi'K/SIN 

37 Ddrq/cTs" 

36 diro/ser 

35 JM-OT 

34 DSTB 

33 DS? 

32 jSi 

31 I)5£ 

30 D^4 

29 D^3 

28 3^2 

27 D5T 

26 U V DD 

25 DV CC 

24 HGP1 

23 DGP2 

22 UTO? 

21 dpfm; 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


TVpe 


Name and Function 


PFEED 


1 


' 


Paper Feed: Paper feed input 
switch. 


XTAL1 
XTAL2 


2 
3 


I 


Crystal: Inputs for a crystal to set in- 
ternal oscillator frequency. For 
proper operation use 6 MHz crystal. 


RESET 


4 




Reset: Reset input, active low. After 
reset the 8295 will be set for 12 char- 
acters/inch single width printing, 
solenoid strobe at 320 msec. 


NC 


5 




No Connection: No connection or 
tied high. 


CS 


6 


I 


Chip Select: Chip select input used 
to enable the RD and WR inputs ex- 
cept during DMA. 


GND 


7 




Ground: This pin must be tied to 
ground. 


RD 


8 


I 


Read: Read input which enables the 
master CPU to read data and status. 
In the serial mode this pin must be 
tied to V C c- 


Vcc 


9 




Power: +5 volt power input: +5V ± 
10%. 


WR 


10 


I 


Write: Write input which enables the 
master CPU to write data and com- 
mands to the 8295. In the serial mode 
this pin must be tied to V S s- 


SYNC 


11 


o 


Sync: 2.5 /-is clock output. Can be 
used as a strobe for external circuitry. 


Do 
Di 
D 2 
D 3 
D 4 
D 5 
D 6 
D 7 


12 
13 
14 
15 
16 
17 
18 
19 


I/O 


Data Bus: Three-state bidirectional 
data bus buffer lines used to interface 
the 8295 to the host processor in the 
parallel mode. In the serial mode 
D — D 2 sets up the baud rate. 


GND 


20 




Ground: This pin must be tied to 
ground. 


Vcc 


40 




Power: +5 volt power input: +5 ± 
10%. 



Symbol 


Pin 
No. 


Type 


Name and Function 


HOME 


39 


I 


Home: Home input switch, used by 
the 8295 to detect that the print head 
is in the home position. 


DACK/SIN 


38 


I 


DMA Acknowledge/Serial Input: In 

the parallel mode used as DMA ac- 
knowledgment; in the serial mode, 
used as input for data. 


DRQ/CTS 


37 


O 


DMA Request/Clear to Send: In the 

parallel mode used as DMA request 
output pin to indicate to the 8257 that 
a DMA transfer is requested; in the 
serial mode used as clear-to-send 
signal. 


IRQ/SER 


36 


O 


Interrupt Request/Serial Mode: In 

parallel mode it is an interrupt re- 
quest input to the master CPU; in 
serial mode it should be strapped to 
Vss- 


MOT 


35 





Motor: Main motor drive, active low. 


STB 


34 





Solenoid Strobe: Solenoid strobe 
output. Used to determine duration of 
solenoids activation. 


s 6 
s 5 

s; 

s 3 
s 2 
s7 


33 
32 
31 
30 
29 
28 
27 





Solenoid: Solenoid drive outputs; 
active low. 


Vdd 


26 




Power: + 5V power input ( + 5V ± 
10%). Low power standby pin. 


Vcc 


25 




Power: Tied high. 


GP1 
GP2 


24 
23 






General Purpose: General purpose 
output pins. 


TOF 


22 


I 


Top of Form: Top of form input, used 
to sense top of form signal for type T 
printer. 


PFM 


21 





Paper Feed Motor Drive: Paper 
feed motor drive, active low. 
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FUNCTIONAL DESCRIPTION 



The 8295 interfaces microcomputers to the LRC 7040 
Series dot matrix impact printers, and to other similar 
printers. It provides internal buffering of up to 40 char- 
acters. Printing begins automatically when the buffer is 
full or when a carriage return character is received. It 
provides a modified 7x7 matrix character generator. The 
character set includes 64 ASCII characters. 



Communication between the 8295 and the host proc 
essor can be implemented in either a serial or parallel 
mode. The parallel mode allows for character transfers 
into the buffer via DMA cycles. The serial mode features 
selectable data rates from 110 to 4800 baud. 

The 8295 also offers two general purpose output pins 
which can be set or cleared by the host processor. They 
can be used with various printers to implement such 
functions as ribbon color selection, enabling form 
release solenoid, and reverse document feed. 



COMMAND SUMMARY 

Hex Code Description 

00 Set GP1. This command brings the GP1 pin 
to a logic high state. After power on it is 
automatically set high. 

01 Set GP2. Same as the above but for GP2. 

02 Clear GP1. Sets GP1 pin to logic low state, 
inverse of command 00. 

03 Clear GP2. Same as above but for GP2. In- 
verse command 01. 

04 Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

05 Print 10 characters/in. density. 

06 Print 12 characters/in. density. 

07 Print double width characters. This com- 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

08 Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 



Hex Code Description 

09 Tab character. 

0A Line feed. 

0B Multiple Line Feed; must be followed by a 

byte specifying the number of line feeds. 

0C Top of Form. Enables the line feed output 

until the Top of Form input is activated. 

0D Carriage Return. Signifies end of a line and 

enables the printer to start printing. 

0E Set Tab #1, followed by tab position byte. 

OF Set Tab #2, followed by tab position byte. 

Should be greater than Tab #1. 

10 Set Tab #3, followed by tab position byte. 
Should be greater than Tab #2. 

11 Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor- 
mal left to right printing with such printers. 

12 Set Strobe Width; must be followed by 
strobe width selection byte. This command 
adjusts the duration of the strobe activa- 
tion. 



PROGRAMMABLE PRINTING OPTIONS 

CHARACTER DENSITY 

The character density is programmable at 10 or 12 char- 
acters/inch (32 Or 40 characters/line). The 8295 is auto- 
matically set to 12 characters/inch at power-up. Invoking 
the Print Double-Width command halves the character 
density (5 or 6 characters/inch). The 10 char/in or 12 
char/in command must be re-issued to cancel the 
Double-Width mode. Different character density modes 
may not be mixed within a single line of printing. 

PRINT INTENSITY 

The intensity of the printed characters is determined by 
the amount of time during which the solenoid is on. This 
on-time is programmable via the Set Strobe-Width com- 
mand. A byte following this command sets the solenoid 
on-time according to Table 2. Note that only the three 
least significant bits of this byte are important. 



Table 2. Solenoid On-Time 



D7-D3 


D2 


D1 


DO 


Solenoid On 
(microsec) 


X 











200 


X 








1 


240 


X 





1 





280 


X 





1 


1 


320 


X 


1 








360 


X 


1 





1 


400 


X 


1 


1 





440 


X 


1 


1 


1 


480 



TABULATIONS 

Up to three tabulation positions may be specified with 
the 8295. The column position of each tabulation is 
selected by issuing the Set Tab commands, each fol- 
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lowed by a byte specifying the column. The tab posi- 
tions will then remain valid until new Set Tab commands 
are issued. 

Sending a tab character (09H) will automatically fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 

CPU TO 8295 INTERFACE 

Communication between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard- 
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 

PARALLEL INTERFACE 

Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these registers are accessed. 



RD WR CS 



Register 



1 Input Data Register 
1 Output Status Register 

Input Data Register— Data written to this register is 
interpreted in one of two ways, depending on how the 
data is coded. 

1. A command to be executed (OXH or 1XH). 

2. A character to be stored in the character buffer for 
printing (2XH, 3XH, 4XH, or 5XH). See the character 
set, Table 2. 

Output Status Register— 8295 status is available in this 
register at all times. 



I 7 


6 


5 


4 


3 


2 


1 





I x 


X 


PA 


DE 


X 


X 


IBF 


X 



STATUS BIT: 
FUNCTION: 



PA— Parameter Required; PA=i indicates that a com- 
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 

DE— DMA Enabled; DE = 1 whenever the 8295 is in DMA 
mode. Upon completion of the required DMA transfers, 
the DE flag is cleared. 

IBF— Input Buffer Full; IBF= 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF=1. 

A flow chart describing communication with the 8295 is 
shown in Figure 3. 

The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt driven systems. This output is 
asserted true whenever the 8295 is ready to receive data. 

To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08H) acti- 
vates the DMA channel of the 8295. This command must 
be followed by two bytes specifying the length of the 
data string to be transferred (least significant byte first). 
The 8295 will then assert the required DMA requests to 



the 8257 DMA controller without further CPU interven- 
tion. Figure 4 shows a block diagram of the 8295 in DMA 
mode. 











. 


[~ BEGIN "") 












READ 8295 
STATUS 












^^ TEST IBF ^> 
TcLEAR 


BUSY 




(IBF = 1) 






WRITE TO 8295 
A0 = 














8295 STATUS 
IBF = 1 






t 

DONE 







Figure 3. Host to 8295 Protocol Flowchart 



si 



8257 

DMA 

CONTROLLER 



£=} 



dto 



Xi x 2 

CS DRQ 

RD DACK 
WR 



MOT 



STB 
PFEED 
HOME 



MOTOR 
DRIVERS 



-K 



\ SOLENOID \ 

J DRIVERS J 



Figure 4. Parallel System Interface 

Data transferred in the DMA mode may be either com- 
mands or characters or a mixture of both. The procedure 
is as follows: 

1. Set up the 8257 DMA controller channel by sending a 
starting address and a block length. 

2. Set up the 8295 by issuing the "Enable DMA" com- 
mand (08H) followed by two bytes specifying the 
block length (least significant byte first). 

The DMA enabled flag (DE) will be true until the 
assigned data transfer is completed. Upon completion 
of the transfer, the flag is cleared and the interrupt re- 
quest (IRQ) signal is asserted. The 8295 then returns to 
the non-DMA mode of operation. 
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SERIAL INTERFACE 

The 8295 may be hardware programmed to operate in 
a s erial mode of communication. By connecting the 
IRQ/SER pin (pin 36) to logic zero, the serial mode is 
enabled immediately upon power-up. The serial Baud 
rate is also hardware programmable; by strapping pins 
14, 13, and 12 according to Table 3, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 5. 

Table 3. Serial Baud Rate 



Pin 14 


Pin 13 


Pin 12 


Baud Rate 











110 








1 


150 





1 





300 





1 


1 


600 


1 








1200 


1 





1 


2400 


1 


1 





4800 


1 


1 


1 


4800 






MOT 
PFM 




->-4 :: D- 




_>-=D- 



TO 

SOLENOID 

DRIVERS 



TO MOTOR 
DRIVERS 



The serial data format is shown in Figu re 5 . The CPU 
should wait for a clear to send signal (CTS) from the 
8295 before sending data. 



^ 



BAUD 

RATE 

SELECT 



8251 A TXD 
USART CTS 



£1 



C1 X2 V 



RD 



MOT 
CS PFM 
WR 
8295 
S7 



PFEED 
HOME 



3 



SIN 
CTS 
SlR 



MOTOR 
DRIVERS 



3 



SOLENOID 
DRIVERS 






SERIAL 
INPUT 



MARK 



START 
BIT 



STOP 
BIT 



1 



Figure 6. 8295 To Printer Solenoid Interface 



OSCILLATOR AND TIMING CIRCUITS 

The 8295's internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A 6 MHz 
crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
7. The recommended crystal connection is shown in 
Figure 8. 





XTAL1 


HDh 


XTAL2 
















SYNC 






6 MHz 
OSCILLATOR 
























+ 3 

STATE 

COUNTER 




+ 5 

CYCLE 

COUNTER 














(2.5 Msec) 














INTERNAL TIMING 









Figure 7. Oscillator Configuration 



Figure 5. Serial Interface to UART (8251 A) 



8295 TO PRINTER INTERFACE 

The strobe output signal of the 8295 determines the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenoid outputs cannot drive the 
printer solenoids directly. They should be buffered 
through solenoid drivers as shown in Figure 6. Recom- 
mended solenoid and motor driver circuits may be found 
in the printer manufacturer's interface guide. 



2 






XTAL1 

8295 
XTAL2 




1-6 MHz ^H 

T 3 


± 

20pF^= 







Figure 8. Recommended Crystal Connection 
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8295 CHARACTER SET 














Hex Code 


Print Char. 


Hex Code 


Print Char. 


Hex Code 


Print Char. 


Hex Code 


Print Char. 


20 


space 




30 





40 


@ 


50 


P 


21 


! 




31 


1 


41 


A 


51 


Q 


22 


" 




32 


2 


42 


B 


52 


R 


23 


# 




33 


3 


43 


C 


53 


S 


24 


$. 




34 


4 


44 


D 


54 


T 


25 


% 




35 


5 


45 


E 


55 


U 


26 


& 




36 


6 


46 


F 


56 


V 


27 


, 




37 


7 


47 


G 


57 


w 


28 


( 




38 


8 


48 


H 


58 


X 


29 


) 




39 


9 


49 


I 


59 


Y 


2A 


* 




3A 




5A 


J 


5A 


z 


2B 


+ 




3B 


j 


4B 


K 


5B 


[ 


2C 


' 




3C 


< 


4C 


L 


5C 


\ 


2D 


- 




3D 


= 


4D 


M 


5D 


] 


2E 






3E 


> 


4E 


N 


5E 


t 


2F 


/ 




3F 


? 


4F 





5F 


" 



ABSOLUTE MAXIMUM RATINGS 4 



Ambient Temperature Under Bias °C to 70 °C 

Storage Temperature -65° to -f 150°C 

Voltage on Any Pin With 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 


(T A = 0°C to 70°C, V 


f cc = Vdd = 


= +5V±10%,V SS = 0V) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage (All 
Except X 1f X 2 , RESET) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (X 1f X 2 , 
RESET) 


-0.5 




0.6 


V 




V,H 


Input High Voltage (All 
Except X 1f X 2 , RESET) 


2.2 




Vcc 


V 




V,H1 


Input High Voltage (X 1? X 2 , 
RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (D -D 7 ) 






0.45 


V 


I l= 2.0 mA 


V0L1 


Output Low Voltage (All 
Other Outputs) 






0.45 


V 


loL=1-6mA 


VOH 


Output High Voltage (D -D 7 ) 


2.4 






V 


I O h=-400mA 


V OH1 


Output High Voltage (All 
Other Outputs) 


2.4 






V 


Ioh=-50 m A 


"IL 


Input Leakage Current 
(RD, WR, CS, Aq) 






±10 


ma 


Vss<V, N <Vcc 


"oz 


Output Leakage Current 
(D -D 7 , High Z State) 






±10 


ma 


V ss +0.45*s Vqut^Vcc 


'dd 


V DD Supply Current 




5 


15 


mA 




'dd+'cc 


Total Supply Current 




60 


125 


mA 




I LI 


Low Input Load Current 
(Pins 24, 27-38) 






0.5 


mA 


V| L =0.8V 


Im 


Low Input Load Current 
(RESET) 






0.2 


mA 


V, L =0.8V 


llH 


Input High Leakage Current 
(Pins 22, 38) 






100 


/jlA 


Vin = Vcc 


C|N 


Input Capacitance 






10 


pF 




c i/o 


I/O Capacitance 






20 


pF 
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A.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = v DD = +5V ± 10%, v ss = ov> 



DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A R 


CS, A Setup to RD 4 







ns 




tRA 


CS, A Hold After RD t 







ns 




*RR 


RD Pulse Width 


250 




ns 




*AD 


CS, A to Data Out Delay 




225 


ns 


C L =150pF 


*RD 


RD 1 to Data Out Delay 




225 


ns 


C L =150pF 


tDF 


RD t to Data Float Delay 




100 


ns 




*CY 


Cycle Time 


2.5 


15 


MS 





DBB WRITE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AW 


CS, A Setup to WR 1 







ns 




*WA 


CS, A Hold After WR t 







ns 




tyvw 


WR Pulse Width 


250 




ns 




*DW 


Data Setup to WR t 


150 




ns 




twD 


Data Hold to WR t 







ns 




DMA AND INTERRUPT TIMING 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DACK Setup to Control 







ns 




*CAC 


DACK Hold After Control 







ns 




tcRQ 


WR to DRQ Cleared 




200 


ns 




UCD 


DACK to Data Valid 




225 


ns 


C L = 150 pF 



A.C. TESTING INPUT, OUTPUT WAVEFORM 
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WAVEFORMS 



READ OPERATION— OUTPUT BUFFER REGISTER 


CS OR A„ J 


: j 


( 




(SYSTEM'S 
ADDRESS BUS) 

(READ CONTROL) 


— t A R— - 






>, ■ ,! 


* *RA ' ■" 


RD 


\ 


t 


\ 


"" *RD *" 




— t OF — 


■>- 


* l AU 




DATA BUS / 
(OUTPUT) V 




■ WTA VALID 













WRITE OPERATION— INPUT BUFFER REGISTER 



CS OR A„ 



>: 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



If 



1 



V « DATA VALID »► K 



*WD 



DATA 
MAY CHANGE 



(SYSTEM'S 
ADDRESS BUS) 



(WRITE CONTROL) 



DMA AND INTERRUPT TIMING 












DACK J 


k ■ 




i 


/ 


-«— tACC— *■ 


I 




tcAC— ♦ 

1 




rdWr 


\ 


t 












DRQ 




* 


k 










i.~- 












X 




DATA \ 
BUS J 


' VALID 









r 
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WAVEFORMS (Continued) 



PRINTER INTERFACE TIMING 



MOTOR DRIVE 



SOLENOID DATA 



SOLENOID STROBE 



\ 



/ 



\ 



X 



:c 



*-Sd s 



*- p o„-H 



r^ 



-S Hs - 



I 



\ 



r^ 



M Hh 



f 



PHp 



V 



J 



Symbol 


Parameter 


Typical 


P DH 


Print delay from 
home inactive 


1.8 ms 


S DS 


Solenoid data 
setup time before 
strobe active 


25 mS 


S HS 


Solenoid data 
hold after strobe 
inactive 


>1 ms 


M HA 


Motor hold time 
after home active 


3.2 ms 


P SP 


PFEED setup time 
after PFM active 


58 ms 


P HP 


PFM hold time 
after PFEED active 


9.75 ms 
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8296/8297 
GPIB BUS TRANSCEIVER 



Octal Open-Collector or Three-State 
GPIB Line Drivers 

Octal Schmitt-Type Line Receivers 

Low-Power HMOS II Design 

Power Up/ Power Down Protection to 
Prevent Disrupting the Bus 



Two 20-Pin Transceivers Connect 8291 
Directly to GPIB Bus Including On- 
Chip IEEE-488 Bus Terminations 

Only 8291, 8296, and 8297 Required to 
Form Complete IEEE-488 Talker/ 
Listener Interface with No Additional 
Components 



The Intel® 8296/8297 GPIB Bus Transceivers are high-current, non-inverting buffer chips designed to interface the 
8291 GPIB Talker/Listener to the IEEE Standard 488-1978 Instrumentation Interface Bus. The 8296 and 8297 are 
optimized to simplify a talker/listener configuration so that the 8291 can be connected to the GPIB bus without any 
external hardware. The 8297 connects the five IEEE-488 control lines and three handshake lines to the 8291 with a 
special output for parallel poll. The 8296 connects the eight data lines to the 8291, or it can be used as a general 
purpose high-current bus transceiver. 



MICROPROCESSOR SYSTEM BUS 



— -^— — ■' DACK i ><r 



. DMA ; 

I INTERFACE | 
I (OPTIONAL) . 



8291 

GPIB 

TALKER/LISTENER 



i£ 



5TTTt 



8296 


PP 


8297 


DATA GPIB 




CONTROL GPIB 


TRANSCEIVER 




TRANSCEIVER 



Z2 



-Z, 



rn 



pioi C 
6167 C 
Dioi [~ 

DI05 C 
DI04 C 
DI03 C 

bloi C 

DIOI C 
T/R1 C 
GND C 



3 v C c 

3 Dior 

3 DI05* 

3 DI02* 

3 DI06* 

3 DI03* 

3 DI07* 

3 DI04* 

3 DI08* 

3 ppT 



T/R1 C 

ioi C 

NDAC C 
NRFD C 
DAV C 
SRQ E 
ATN C 
REN C 
IFC C 
GND C 



3 v C c 
3 ppo 

3 REN* 

3 eoi* 

3 DAV* 
3 NRFD* 
3 NDAC* 
3 IFC* 
3 SRQ* 
3 ATN* 



= GPIB NON-INVERTING BUS TRANSCEIVER. 



IEEE-488 INTERFACE BUS 



Figure 1. 8291, 8296, 8297 System Diagram 



Figure 2. Pin Configuration 
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Table 1. 8296 Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


DI08- 
DI01 


1-8 


I/O 


Data Input/Output: Pro- 
cessor GPIB data lines; used 
to carry message and data 
bytes in a bit-parallel byte- 
serial form. If T/R1 is high, 
these lines are inputs. These 
lines are TTL compatible. 


T/R1 


9 


I 


Transmit/Receive 1: Con- 
trols the direction of the DIO 
lines. If T/R1 is high, then the 
eight DIO lines are driving 
data onto the IEEE-488 bus. 
This input is TTL compatible. 


GND 


10 


PS 


Circuit Ground Potential. 



Symbol 


Pin No. 


Type 


Name and Function 


Vcc 


20 


PS 


Positive Power Supply: (5V 

±10%). 


Dior- 

DI08* 


19, 17, 15, 13, 
18, 16, 14, 12 


I/O 


Data Input/Output: IEEE- 
488 GPIB data lines. They are 
IEEE-488 compatible Schmitt 
triggers when used for input 
and can sink over 48 mA 
when used for output. If T/R1 
is high, these lines are driving 
the bus. If PPI is high, then 
these lines are open-collec- 
tor for a parallel poll; other- 
wise, they are push-pull line 
drivers. These pins are 
IEEE-488 compatible for 
input and output. 


PPI 


11 


I 


Parallel Poll In: Input from 
the 8297 which indicates 
whether or not a parallel poll 
is being conducted. The 8296 
is a push-pull (three-state) 
driver for data bytes, but it 
becomes an open-collector 
driver for a parallel poll. 



T/R1 
DIOI 














8296 
1 1 




JS/R T/C| 




5102 




I 1 








S/R T/C| 




Biol 


1 1 




|s/R T/C| 












DI04 












S/R T/C 










1 1 




Bios 


r~ i 






|S/R T/C 






Dl06 


1 1 






JS/R T/C 






DI07 


1 "1 




JS/R T/pl 




DI08 




S/R T/C 





























T/R1 






8297 




^ 










S/R T/C 






—i * 












S/R T/C 








L_i * 






|S/R l/C| 






I^J 








T- 1 




Ra\7 










S/R T/C 






1 I 










Fffi 




EOI 




rX> 


S/R T/C 


^> 




*H-J L_r 






^_, 











S/R 1=SEND 

= RECEIVE 

T/C 1 = THREE-STATE (PUSH-PULL) 
= OPEN COLLECTOR 



T_ =+5V 
^ =0V 
* = IEEE-48 BUS NON-INVERTING 

DRIVER/RECEIVER WITH TERMINATIONS 



Figure 3. 8296/8297 Transceiver Control Configuration 
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Table 2. 8297 Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


T/R1 


1 


I 


Transmit/Receive 1: Direction con- 
trol for NDAC, NRFD, and DAV. EOI* 
is gated by ATN* and T/R1 so that it 
will remain an input during a parallel 
poll. If T/R1 is high, then NDAC* and 
NRFD* are inputs while DAV* and 
EOI* (if ATN* is high) are outputs. 
This input is TTL compatible. 


EOI 


2 


I/O 


End or Identify: Processor GPIB 
control line; used by a talker to indi- 
cate the end of a multiple byte trans- 
fer. This pin is TTL compatible. 


NDAC 


3 


I/O 


Not Data Accepted: Processor 
GPIB handshake line; used to indi- 
cate the data has been accepted by 
all listeners. This pin is TTL com- 
patible. 


NRFD 


4 


I/O 


Not Ready For Data: Processor 
GPIB handshake line; used to indi- 
cate the listener is ready to accept 
another byte. This pin is TTL 
compatible. 


DAV 


5 


I/O 


Data Available: Processor GPIB 
handshake line; used to indicate the 
talker has inserted data onto the bus. 
This pin is TTL compatible. 


SRQ 


6 


I 


Service Request: Processor GPIB 
control line; used to indicate the 
need for service. This input is TTL 
compatible. 


ATN 


7 





Attention: Processor GPIB control 
line; used to determine whether the 
byte being received is data or con- 
trol. This output is TTL compatible. 


REN 


8 





Remote Enable: Processor GPIB 
control line; used to select between 
remote or local device programming. 
This output is TTL compatible. 


IFC 


9 





Interface Clear: Processor GPIB 
control line; used to reset the inter- 
face. This output is TTL compatible. 


GND 


10 


PS 


Circuit Ground Potential. 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


20 


PS 


Positive Power Supply: (5V ±10%). 


ppo 


19 





Parallel Poll Out: Signal to the 8296 
to indicate a parallel poll is being per- 
formed (both ATN* and EOI* are low). 


REN* 


18 


1 


Remote Enable: IEEE-488 GPIB 
control line; this input is an IEEE-488 
compatible Schmitt trigger. 


EOI* 


17 


I/O 


End or Identify: IEEE-488 GPIB con- 
trol line; used by a talker to indicate 
the end of a message, and by the 
controller with ATN* to indicate a 
parallel poll. It is an input whenever 
ATN* is low or T/R1 is low. This pin is 
IEEE-488 compatible for input and 
output. 


DAV* 


16 


I/O 


Data Available: IEEE-488 GPIB 
handshake line; is a GPIB driver 
when T/R1 is high and is push-pull 
except during a parallel poll. This pin 
is IEEE-488 compatible for input and 
output. 


NRFD* 


15 


I/O 


Not Ready For Data: IEEE-488 GPIB 
handshake line; is an open-collector 
GPIB driver when T/R1 is low. This 
pin is IEEE-488 compatible for input 
and output. 


NDAC* 


14 


I/O 


Not Data Accepted: IEEE-488 GPIB 
handshake line; is an open-collector 
GPIB driver when T/R1 is low. This 
pin is IEEE-488 compatible for input 
and output. 


IFC* 


13 


1 


Interface Clear: IEEE-488 GPIB 
control line; this input is an IEEE-488 
compatible Schmitt trigger. 


SRQ* 


12 





Service Request: IEEE-488 GPIB 
control line; this output is an open- 
collector IEEE-488 compatible 
driver. 


ATN* 


11 


1 


Attention: IEEE-488 GPIB control 
line; this input is an IEEE-488 com- 
patible Schmitt trigger. 
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Figure 4. 8291, 8296, 8297 System Configuration 
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Industrial Grade Q 

Products 



Intel 



121 14A 
1024 x 4-BIT STATIC RAM 

INDUSTRIAL 





I2114AL-3 


I2114AL-4 


I2114A-4 


I2114A-5 


Max. Access Time (ns) 


150 


200 


200 


250 


Max. Current (mA) 


50 


50 


70 


70 



HMOS Technology 

Low Power, High Speed 

Identical Cycle and Access Times 

Single +5V Supply ±10% 

High Density 18 Pin Package 

Completely Static Memory - No Clock 
or Timing Strobe Required 



■ Directly TTL Compatible: All Inputs 
and Outputs 

■ Common Data Input and Output Using 
Three-State Outputs 

■ Industrial Grade Temperature Range 
-40°Cto +85°C 



The Intel® 121 14A is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOS, a high 
performance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, 
therefore it requires no clocks or refreshing to operate. Data access is particularly simple since address setup times 
are not required. The data is read out nondestructively and has the same polarity as the input data. Common input/out- 
put pins are provided. 

The 121 14A is designed for memory applications where the high performance and high reliability of HMOS, low cost, 
large bit storage, and simple interfacing are important design objectives. The 121 14A is placed in an 18-pin package for 
the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single + 5V supply. A separate Chip Select (OS) lead 
allows easy selection of an individual package when outputs are or-tied. 




O * P'N NUMBERS 



SCI 

A«C 
A 3E 
AoC 
AlC 
Aid 

csC 
gndQ 



H v cc 

IK 
IK 
IK 
3/o, 
3/02 

3/03 
3 /0 4 



A 




A i 


I/O, 


A 2 




A3 


I/O, 


A 4 




A 5 






I/Oj 


A 6 




A 7 




A 8 


i/o 4 


A 9 




WE 


cs 



TT 



A«-A 9 ADDRESS INPUTS 


V cc POWER (+5V) 


WE WRITE ENABLE 


GND GROUND 


55 CHIP SELECT 




l/O,-!^ DATA INPUT/OUTPUT 





Figure 1. 121 14A Block Diagram 



Figure 2. 121 14A Pin Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 50 °C to + 95 °C 

Storage Temperature -65°Cto + 150°C 

Voltage on any Pin 

With Respect to Ground - 3.5V to + 7V 

Power Dissipation 1 .0W 

D.C. Output Current 5 mA 



*COMMENT: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. AND OPERATING CHARACTERISTICS 131 

T A = -40°C to +85°C, V CC = 5V ± 10%, unless otherwise noted. 



Symbol 


Parameter 


Min. 


2114AL-3/L-4 
Typ. 11 ' Max. 


Min. 


I2114A-4/-5 
Typ. 11 ' 


Max. 


Unit 


Conditions 


Ili 


Input Load Current 
(All Input Pins) 


10 


10 


/iA 


Vin = to 5.5V 


HloI 


I/O Leakage Current 


10 


10 


A<A 


CS = V, H 

V, /0 = GND to V cc 


ice 


Power Supply Current 


25 50 




50 


70 


imA 


Vcc - max, 1 |/o ^= mA, 
T A = -40° C 


V, L 


Input Low Voltage 


-3.0 


0.8 


-3.0 




0.8 


V 




V,H 


Input High Voltage 


2.0 


6.0 


2.0 




6.0 


V 




IOL 


Output Low Current 


2.1 


9.0 


2.1 


9.0 




mA 


Vol = 0.4V 


I OH 


Output High Current 


-1.0 


-2.5 


-1.0 


-2.5 




mA 


Voh = 2.4V 


l0S<2> 


Output Short Circuit 
Current 


40 


40 


mA 


V 0UT = GND 



NOTES: 

1. Typical values are for T A = 25 °C and V CC = 5.0V. 

2. Duration not to exceed 30 seconds. 

3. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 

0ja (@ 400 f PM air flow) = 40°C/W 
JA (still air) = 70 °C/W 
0j C = 25°C/W 



CAPACITANCE 

T A =25°C,f=1.0MHz 



Symbol 


Test 


Max 


Unit 


Conditions 


Ci/o 


Input/Output Capacitance 


5. 


PF 


V, /o = 0V 


C|N 


Input Capacitance 


5 


PF 


V IN = 0V 



NOTE: This parameter is periodically sampled and not 100% tested. 



A.C. CONDITIONS OF TEST 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Levels . 
Output Load 



0.8V to 2.0V 

10ns 

1.5V 

. 1 TTL Gate and C L = 100 pF 
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A.C. CHARACTERISTICS T A =-40°Cto +85°C, V CC = 5V ±10%, unless otherwise noted. 



READ CYCLE 



[11 



Symbol 


Parameter 


I2114AL-3 
Min. Max. 


I2114A-4/L-4 
Min. Max. 


I2114A-5 
Min. Max. 


Unit 


tRC 


Read Cycle Time 


150 


200 


250 


ns 


t A 


Access Time 


150 


200 


250 


ns 


tco 


Chip Selection to Output Valid 


70 


70 


85 


ns 


tcx 


Chip Selection to Output Active 


10 


10 


10 


ns 


toTD 


Output 3-state from Deselection 


40 


50 


60 


ns 


toHA 


Output Hold from Address Change 


15 


15 


15 


ns 


WRITE CYCI 


_E i2i 










Symbol 


Parameter 


I2114AL-3 
Min. Max. 


I2114A-4/L-4 
Min. Max. 


I2114A-5 
Min. Max. 


Unit 


twc 


Write Cycle Time 


150 


200 


250 


ns 


tw 


Write Time 


90 


120 


135 


ns 


twR 


Write Release Time 











ns 


t0TW 


Output 3-state from Write 


40 


50 


60 


ns 


tDW 


Data to Write Time Overlap 


90 


120 


135 


ns 


tDH 


Data Hold from Write Time 











ns 



NOTES: _ 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. t w is measured from the latter of CS or WE going low to the earlier of 
CS or WE going high. 



READ CYCLE® 



WRITE CYCLE 



WWWWWWVWW^ 



Z5C 



©, 



wmmi 



^m. 



~l « ;|j _ m ®™ — 



? </////////////. 



))))))))))m 



£ 



j r 



VMrnrnv 



NOTES: 

3. WE isjiigh for a Read Cycle. 

4. If the CS low transition occurs simultaneously with the WE low transition, the output buffers remain in a high impedance state. 

5. WE must be high during all address transitions. 
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16,384 x 1-BIT DYNAMIC RAM 

INDUSTRIAL 





12118-12 


12118-15 


Maximum Access Time (ns) 


120 


150 


Read, Write Cycle (ns) 


270 


320 


Read- Modify Cycle (ns) 


320 


410 



Single +5V Supply, ±10% Tolerance 

HMOS Technology 

Low Power: 138 mW Max. Operating 
11 mW Max. Standby 

Low Vdd Current Transients 

All Inputs, Including Clocks, TTL 
Compatible 



CAS Controlled Output is Three-State, 
TTL Compatible 

RAS-Only Refresh 

128 Refresh Cycles Required Every 2 ms 

Allows Negative Overshoot 
Vil min= -2V 

Industrial Grade Temperature Range 
-40°Cto +85°C 



The Intel® 12118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single + 5V power supply. The 
12118 is fabricated using HMOS— a production proven process for high performance, high reliability, and high storage 
density. 

The 12118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur- 
rent transients contribute to the high noise immunity of the 12118 in a system environment. 

Multiplexing the 14 address bits into 7 address input pins allows the 121 18 to be packaged in the indust ry sta ndard 16-pin 
DIP. The two 7-bi t add ress words are latched into the 121 18 b y the t wo T TL cl ocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing tech- 
nique while maintaining high performance. 

The 12118 three-state output is controll ed by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, or normal read or write cycles on the 128 address combinations of A through A 6 during a 2 ms 
period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 
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Figure 1. Block Diagram 
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Figure 2. Pin Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... - 50 °C to + 95 °C 

Storage Temperature -65°Cto +150°C 

Voltage on any Pin Relative to Vss 7.5V 

Data Out Current 50mA 

Power Dissipation LOW 



"■COMMENT: 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may af- 
fect device reliability. 



D.C. AND OPERATING CHARACTERISTICS l141 

T A =-40°Cto +85''C, V DD =5V ± 10%, V ss = 0V, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Notes 


Min. 


Typ." 


Max. 


Ulii 


Input Load Current (any input) 




0.1 


10 


mA 


Vin=Vss to Vdd 




HloI 


Output Leakage Current for 
High Impedance State 




0.1 


10 


mA 


Chip Deselected: CAS at Vm, 
Vout = to 5.5V 




Iddi 


Vdd Supply Current, Standby 




1.2 


2 


mA 


CAS and RAS at Vm 




IDD2 


Vdd Supply Current, Operating 




21 


25 


mA 


12118-4, t R c = t RC min 


3 




19 


23 


mA 


12118-7, t RC =t R CMIN 


3 


IDD3 


Vdd Supply Current-, RAS-Only 
Cycle 




14 


16 


mA 


12118-4, t RC = t RC min 


3 




12 


14 


mA 


12118-7, t R c = t R c MIN 


3 


IDD5 


Vdd Supply Current, Standby, 
Output Enabled 




2 


4 


mA 


CAS at Vil, RAS at Vih 


3 


VlL 


Input Low Voltage (all inputs) 


-2.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




7.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




Voh 


Output High Voltage 


2.4 






V 


Ioh = -5mA 





NOTES: 

1. All voltages referenced to V S s 

2. Typical values are for Ta = 25° C and nominal supply voltages. 

3. I D d is dependent on output loading when the device output is selected. Specified l DD max is measured with the output open. 

4. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 

0ja (@ 400 f PM air flow) = 45°C/W 
JA (still air) = 60 °C/W 
JC = 25°C/W 



CAPACITANCE m 

Ta = 25°C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cm 


Address, Data In 


3 


5 


PF 


Cl2 


RAS, CAS, WE, Data Out 


4 


7 


PF 



NOTES: 

I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = L^l with AV equal to 3 volts and power supplies at nominal levels. 
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A.C. CHARACTERISTICS I 1 23 ' 

T A = -40°C to +85°C, V DD = 5V ± 10%, V S s = 0V, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 



Symbol 


Parameter 


12118-12 


12118-15 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


tRAC 


Access Time From RAS 


120 


150 


ns 


4,5 


tCAC 


Access Time From CAS 


65 


80 


ns 


4.5,6 


tREF 


Time Between Refresh 


2 


2 


ms 




tRP 


RAS Precharge Time 


120 


135 


ns 




tCPN 


CAS Precharge Time«non-pagecycles> 


55 


70 


ns 




tCRP 


CAS to RAS Precharge Time 








ns 




tRCD 


RAS to CAS Delay Time 


25 


55 


25 


70 


ns 


7 


tRSH 


RAS Hold Time 


85 


105 


ns 




tCSH 


CAS Hold Time 


120 


165 


ns 




tASR 


Row Address Set-Up Time 








ns 




tRAH 


Row Address Hold Time 


15 


15 


ns 




tASC 


Column Address Set-Up Time 








ns 




tCAH 


Column Address Hold Time 


15 


20 


ns 




tAR 


Column Address Hold Time, to RAS 


70 


90 


ns 




tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


8 


tOFF 


Output Buffer Turn Off Delay 





50 





60 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


270 


320 


ns 




tRAS 


RAS Pulse Width 


140 


10000 


175 


10000 


ns 




tCAS 


CAS Pulse Width 


65 


10000 


95 


10000 


ns 




tRCS 


Read Command Set-Up Time 








ns 




tRCH 


Read Command Hold Time 








ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


270 


320 


ns 




tRAS 


RAS Pulse Width 


140 


10000 


175 


10000 


ns 




tCAS 


CAS Pulse Width 


65 


10000 


95 


10000 


ns 




twcs 


Write Command Set-Up Time 








ns 


9 


twCH 


Write Command Hold Time 


30 


45 


ns 




twCR 


Write Command Hold Time, to RAS 


85 


115 


ns 




tWP 


Write Command Pulse Width 


30 


50 


ns 




tRWL 


Write Command to RAS Lead Time 


65 


110 


ns 




tCWL 


Write Command to CAS Lead Time 


50 


100 


ns 




tDS 


Data-in Set-Up Time 








ns 




tDH 


Data-in Hold Time 


30 


45 


ns 




tDHR 


Data-in Hold Time, to RAS 


85 


115 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Modify-Write Cycle Time 


320 


410 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


190 


10000 


265 


10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


120 


10000 


185 


10000 


ns 




tRWD 


RAS to WE Delay 


120 


150 


ns 


9 


tCWD 


CAS to WE Delay 


65 


80 


ns 


9 



NOTES: 

1. All voltages referenced to Vss. 

2. Eight cycles are re quire d after power up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

3. A.C. Characteristics assume tj = 5ns. 

4. Assume that tRCD^tRCD(max). If tRco is greater than tRCD (max.) 
then tRAC will increase by the amount that tRCD exceeds tRCD (max.). 

5. Load = 2 TTL loads and 100pF 

6. Assumes tRCD s tRco (max.). 
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tRCD(max.) is specified as a reference point only. If tRCD is less than 

tRco (max.) access time is tRAC- If tRCD is greater than tRCD (max.) 

access time is tRCD + tCAC- 

tr is measured between Vih (min.) and Vil (max.). 

twcs, tcwD and tRWD are specified as reference points only. If twcs 

> twcs (min.) the cycle is an early write cycle and the data out pin 

will remain high impedance throughout the entire cycle. If tcwo ^ 

tcwD (min.) and tRWD ^ tRWD (min.), the cycle is a read-modify-write 

cycle and the data Out will contain the data read from the selected 

address. If neither of the above conditions is satisfied, the condition 

of the data out is indeterminate. 
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NOTES: 1,2. V, H M , N AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 A v OH min AND v OL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT < Hlo I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WI, WHICHEVER OCCURS LAST. 

7. t R cH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t CR P REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



9-7 



AFN-I2118/FDS 



iny 



12118 FAMILY 



WAVEFORMS 



READ-MODIFY-WRITE CYCLE 
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r 



©'DS^ 



.£ 



k © 



"V(T) DATA IN 'JT" 

Zr VAUD JL 



© 



(^i — 

O/ VALID 

0> DATA OUT 
15 






RAS-ONLY REFRESH CYCLE 



©^ 



"V 



.CRP0 



H \j L /'7 > v ROW J i/ 

^ r VV ADDRESS n \ 



"0 



1,2. V, H MIN AND V IL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 A V 0H MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT < I'lo I- 

6. t DS AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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12716 
16K (2K x 8) UV ERASABLE PROM 



INDUSTRIAL 



■ Fast Access Time: 450 ns Max 

■ Industrial Grade Temperature 
Range: -40°Cto+85°C 

■ Single + 5V Power Supply 

■ Low Power Dissipation 

— 525 mW Max. Active Power 

— 132 mW Max. Standby Power 



Simple Programming Requirements 

— Single Location Programming 

— Programs with One 50 ms Pulse 



Inputs and Outputs TTL Compatible 
during Read and Program 



Completely Static 



The Intel® Industrial Grade 12716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The 12716 operates from a single 5-volt power supply, has a static standby mode, and features fast single ad- 
dress location programming. It makes designing with EPROMs faster, easier and more economical. 

The 12716, with its single 5-volt supply and with an access time of 450 ns max, is ideal for use with the newer high per- 
formance industrial grade +5V microprocessors such as Intel's 8085. The 2716 is also the first EPROM with a static 
standby mode which reduces the power dissipation without increasing access time. The maximum active power 
dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 75% savings. 

The 12716 has the simplest and fastest method yet devised for programming EPROMs— single pulse TTL level pro- 
gramming. No need for high voltage pulsing because all programming controls are handled by TTL signals. Program 
any location at any time-either individually, sequentially or at random, with the 2716's single address location pro- 
gramming. Total programming time for all 16,384 bits is only 100 seconds. 



MODE SELECTION 



PIN CONFIGURATION 



^^ PINS 
MODE ^\ 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V|L 


VlL 


+5 


+5 


D OUT 


Standby 


V|H 


Don't Care 


+5 


+5 


HighZ 


Program 


Pulsed V|l to V|h 


V|H 


+25 


+5 


D|N 


Program Verify 


V)L 


VlL 


+25 


+5 


D OUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


HighZ 



BLOCK DIAGRAM 



vcco 

GNDO- 



OUTPUT ENABLE 

CHIP ENABLE AND 

PROG LOGIC 



A0-A10 

ADDRESS 

INPUTS 



OUTPUT BUFFERS 



A 7 C 


1 


24 


3 vcc 


A6C 


2 


23 


3*8 


A5C 


3 


22 


DA 9 


A 4 C 


4 


21 


DVpp 


A 3 C 


b 


20 


DOE 


A 2 C 


to' 


19 


3A 10 


AlC 


7 


12716 18 


DCE 


AoC 


8 


17 


D07 


o C 


9 


16 


3 06 


01 C 


10 


15 


3 05 


02 C 


11 


14 


3 04 


GNDC 


12 


13 


3^3 



PIN NAMES 



Ao- A 10 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


°<T°; 


OUTPUTS 
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PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias >-50 o C to +95° C 

Storage Temperature - 65 °C to + 125°C *NOTICE: Stresses above those listed under "Absolute Maximum 

All Input or Output Voltages with Ratings" may cause permanent damage to the device. This is a stress 

Respect to Ground + 6V to - 0.3V rating only and functional operation of the device at these or any other 

conditions above those indicated in the operational sections of this 

V PP Supply Voltage with Respect specification is not implied. Exposure to absolute maximum rating con- 

to Ground During Program + 26.5V to - 0.3V ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = — 40° C to +85° C, Vcc' 1 - 2 ' = +5V ± 5%, Vpp[2) = 
READ OPERATION 



Vcc 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typi[3] 


Max. 


I LI 


Input Load Current 






10 


ma 


Vin = 5.25V 


'LO 


Output Leakage Current 






10 


ma 


Vout = 5.25V 


|p P1 [2] 


V PP Current 






5 


mA 


Vpp = 5.25V 


IcciPi 


Vcc Current (Standby) 




10 


25 


mA 


CE = V,h, OE = V| L 


l CC2 [2] 


Vcc Current (Active) 




57 


100 


mA 


OE = CE = V, L 


V,L 


input Low Voltage 


-0.1 




0.8 


V 




V, H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


I l=2.1 mA 


VqH 


Output High Voltage 


2,4 






V 


l OH =-400 M A 



NOTES: 1. Vqq must be applied simultaneously or before V pp and removed simultaneously or after V pp . 

2. Vpp may be connected directly to Vqq except during programming. The supply current would then be the sum of Iqq and Ipp-j. 

3. Typical values are forT A = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



ICC CURRENT vs. TEMPERATURE 



ACCESS TIME vs. CAPACITANCE 



















600 
500 

1 400 

o 
►5 300 

200 

100 
































































































l C C2 ACTIVE C 


,URRENT 










CE = V| L 
Vcc = 5V 


























I ll 


I 


cci STANDBY CURRENT 
CE = V| H 






















































■ riPt 





-40-20 20 40 60 80 100 
TEMPERATURE (°C) 



400 500 600 700 800 
C L (pF) 



ACCESS TIME vs. TEMPERATURE 
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= 5V 
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200 — 
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A.C. CHARACTERISTICS 

T A = -40° C to +85° C, Vcq 11 - 21 = +5V ± 5%, Vpp 12 ) = Vcc 


Symbol 


Parameter 


Limits 


Unit 


Test 
Conditions 


Min. 


Typ. 


Max. 


*acc 


Address to Output Delay 






450 


ns 


CE = OE = V| L 


l CE 


CE to Output Delay 






450 


ns 


OE = V |L 


*OE 


Output Enable to Output Delay 






150 


ns 


CE = V |L 


«DF 


Output Enable High to Output Float 







130 


ns 


CE = V |L 


*OH 


Output Hold From Addresses, CE or 
OE Whichever Occurred First 









ns 


CE = OE = V| L 



CAPACITANCE |4, TA = 25°C,f=1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C IN 


Input Capacitance 


4 


6 


PF 


v, N = ov 


C OUT 


Output Capacitance 


8 


12 


PF 


V OU T=0V 



WAVEFORMS 



ADDRESSES 



X 



\ 



ADDRESSES 
VALID 



tCE 
(450 MAX.)" 



\ 



| t E 

U-(150MAX.)-»- 

' [6] 



*ACC 
-(450 MAX.) - 

[6] 



HIGHZ 



^ 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



X 



/ 



tOH 

(O) ' 



VALID OUTPUT 



tDF 

(130 MAX.) 

[7] 



Vcc must be applied simultaneously or before Vpp and removed simultane- 
ously or after V pp . 

Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Ice and 'PP1- 
Typical values are for Ta = 25°C and nominal supply voltages. 
This parameter is only sampled and is not 100% tested. 
All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

OE may be delayed up to tAcc - <oe after the falling edge of CE without 
impact on tAcc- 
tDF is specified from OE or CE, whichever occurs first. 
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DEVICE OPERATION 

The five modes of operation of the 2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a + 5V V cc and a V PP . The V PP power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 

MODE SELECTION 



^N. PINS 
MODE ^\ 


CE/PGM 
(18) 


OE 

(20) 


V PP 

(21) 


v C c 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V|L 


VlL 


+5 


+5 


D OUT 


Standby 


, 'V|H 


Don't Care 


+5 


+5 


High 2 


Program 


Pulsed V| L to V| H 


V|H 


+25 


+5 


D|N 


Program Verify 


V| L 


VlL 


+25 


+5 


DoUT 


Program Inhibit 


V|L 


, V, H 


+25 


+5 


High Z 



READ MODE 

The 2716 has two control functions, both of which 
must be logically satisfied^ in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (t ACC ) is equal to the delay from CE to output (t CE ). 
Data is available at the outputs 150 ns (t £) after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least t ACC -t E- 



STANDBY MODE 

The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL 
high special to the CE input. When in standby mode, the 
outputs are in a high impedance state, independent of the 
OE input. 



OUTPUT OR-TIEING 

Because 271 6's are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line control function allows for 

a) the lowest possible memory power dissipation, and, 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 



bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 



PROGRAMMING 

Initially, and after each erasure, all bits of the 2716 are 
in the "1" state. Data is introduced by selectively pro- 
gramming "0's" into the desired bit locations. Although 
only "0's" wil be programmed, both 'Ts" and "0's" can 
be presented in the data word. The only way to change a 
"0" to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp 
power supply is at 25V and OT is at V )H . The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL. 

When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any iocation at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum wit)dth of 55 msec. 
The 2716 muslMiot be programmed with a DC signal 
applied to the CE input. 

Programming of multiple 2716's in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled 271 6's may be connected together when 
they are programmed with the same data. A high level 
TTL puise applied to the CE input programs the paral- 
leled 2716's. 



PROGRAM INHIBIT 

Programming of multiple 2716's in parallel with differ- 
ent data is also easily accomplished. Except for CE, all like 
units (including OE) of the parallel 2716's may be 
common. A TTL level program pulse applied to a 2716's 
CE input with Vpp at 25V will program that 2716. A low 
level CE input inhibits the other 2716 from being 
programmed. 



PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, V PP must be at 5V. 



9-12 



inteT 



ADVANCE DMFORfiiATIIOIf 



18022 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

WITH ON-CHIP A/D CONVERTER 

INDUSTRIAL 



8-Bit CPU, ROM, RAM, I/O in Single 40-Pin 

Package 

On-Chip 8-Bit A/D Converter; Two Input 

Channels 

8 Comparator Inputs (Port 0) 

Zero-Cross Detection Capability 

Single 5V Supply (4.5V to 6.5V) 

High Current Drive Capability — 2 Pins 



■ Two Interrupts — External and Timer 

■ 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 

■ 10/ysec Cycle; All Instructions 1 or 2 Cycles 

■ Instructions — 8048 Subset 

■ Interval Timer/Event Counter 

■ Clock Generated with Single Inductor or 
Crystal 

■ Easily Expanded I/O 



The Intel® 8022 is the newest member of the MCS-48 family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions 
on-chip, such as A/D conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines, 
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capability. 
In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V power 
supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 
The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instruction and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced viathe8022's hardware implementation of the A/D con- 
verter which simplifies interfacing to analog signals. 



2048 WORDS 
PROGRAM 
MEMORY 



7\ 



64 WORDS 

DATA 
MEMORY 



8-BIT 
CPU 



T\ 



\S 



8-BIT 

TIMER/EVENT 

COUNTER 



1Z 



DIGITAL 
I/O LINES 



lz_ 



TWO CHANNEL 

8-BIT A/D 

CONVERTER 









XTAL 




RESET- 




CO 


TEST 0* 




<£> 


TEST 1- 


18022 




A/D 
REFERENCE* 




CO 








AN1* 




► 



PORTO 

THRESHOLD 

REFERENCE 



ADDRESS 

LATCH 

ENABLE 



PORT 

EXPANDER 

STROBE 



P26 C 


1 


^"^ 40 


D 


P27 C 


2 


39 


3 


AV CC C 


3 


38 


3 


Varef C 


4 


37 


3 


AN1 C 


S 


36 


3 


AN0 C 


6 


35 


3 


AVssC 


7 


34 


3 


T0C 


8 


33 


3 


VthC 


9 


32 


3 


pooC 
poi C 


10 
11 


31 
18022 3Q 


3 
3 


P02C 


12 


29 


3 


P03C 


13 


28 


3 


P04 C 


14 


27 


3 


P05 C 


15 


26 


3 


P06 C 


16 


25 


3 


P07 C 


17 


24 


3 


ALEC 


18 


23 


J 


T1C 


19 


22 


3 


VssC 


20 


21 


3 



Vcc 

P25 

P24 

PROG 

P23 

P22 

P21 

P20 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

RESET 

XTAL 2 

XTAL 1 

SUBST 



Figure 1. 
Block Diagram 



A/D A/D SUBSTRATE 
Vcc V SS 

Figure 2. 
Logic Symbol 



Figure 3. 
Pin Configuration 
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18031/8051 
SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 



■ 8031 - Control Oriented CPU 

■ 8051 - An 8031 With Factory 

4KX8ROM 

128x8 RAM 

Four 8-Bit Ports, 32 I/O Lines 

Two 16-Bit Timer/Event Counters 

High-Performance Full-Duplex Serial 

Channel 

External Memory Expandable to 128K 

Compatible with MCS-80®/MCS-85® 

Peripherals 



With RAM and I/O 
Mask-Programmable ROM 

■ Boolean Processor 

■ M CS-48® Architecture Enhanced with : 

• Non-Paged Jumps 

• Direct Addressing 

• Four 8-Register Banks 

• Stack Depth Up to 128-Bytes 

• Multiply, Divide, Subtract, Compare 

■ Most Instructions Execute in 1 /^s 

■ 4 fis Multiply and Divide 



The Intel® 8031/8051 is a stand-alone, high-performance single-chip computer fabricated with Intel's highly-reliable +5 Volt, 
depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin DIP. It provides the hardware features, 
architectural enhancements and new instructions that are necessary to make it a powerful and cost effective controller for 
applications requiring up to 64K bytes of program memory and/or up to 64K bytes of data storage. 

The 805 1 contains a non-volatile 4K x 8 read only program memory; a volatile 1 28 x 8 read/write data memory, 32 I/O lines; two 1 6-bit 
timer/counters; a five-source, two-priority-level, nested interrupt structure; a serial I/O port for either multi-processor communica- 
tions, I/O expansion, or full duplex UART; and on-chip oscillator and clock circuits. The 8031 is identical, except that it lacks the 
program memory. For systems that require extra capability, the 8051 can be expanded using standard TTL compatible memories 
and the byte oriented MCS-80 and MCS-85 peripherals. 

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic processor. The 8051 has 
extensive facilities for binary and BCD arithmetic and excels in bit-handling capabilities. Efficient use of program memory results from 
an instruction set consisting of 44% one-byte, 4 1 % two-byte, and 1 5% three-byte instructions. 58% of the instructions execute in 1 /as, 
40% in 2 ps, and multiply and divide require only 4 /xs. Among the many instructions added to the standard 8048 instruction set are 
multiply, divide, subtract and compare. 





pi.o cz 


7" 




40 




P1.1 cz 


2 




39 




P1.2 CZ 


3 




38 




P1.3 cz 


4 




37 




PI .« cz 


5 




36 




P1.5 cz 


6 




35 




P1-6-CZ 


7 




34 




P1.7 CZ 


8 




33 


RST/VPD CZ 






32 


RXD 


P3.0 CZ 




18031 31 


TXD 


P3.1 CZ 


11 


1805130 


JNT0 


P3.2 CZ 


12 






INT1 


P3.3 CZ 


13 




28 


TO 


P3.4 CZ 
P3.S CZ 


14 




27 
26 


WR 


P3.6 CZ 


16 




25 


RD 


P3.7 CZ 
CTAL2 LZ 






24 
23 




KTAL1 CZ 


19 




22 




VSS CZ 


20 




21 



RST/VPD 
VSS VCC I 

LL_ 



□ 

XTAL2 



P0.5 A05 


EA/VDD 


P0.6 AD6 




P0.7 AD7 


PSEN 


EA/VDD 


ALE/PROG 


ALE/PROG 




PSEN 





18031 
18051 



REFERENCE 

ml f 7& 



OSCILLATOR 

& 

TIMING 



IZ1 



INTERRUPTS 



4096 BYTES 

PROGRAM 

MEMORY 

8051 



64K-BYTE BUS 
EXPANSION 
CONTROL 



:> 



PROGRAMMABLE 1/ 



±±T 



TWO 16-BIT 
TIMER/EVENT 
COUNTERS 



TCJTZJ 



PROGRAMMABLE 
SERIAL PORT 

• FULL DUPLEX 
UART 

• SYNCHRONOUS 
SHIFTER 



PARALLEL PORTS, 
ADDRESS/DATA BUS, 
AND I/O PINS 



Figure 1. Pin 
Configuration 



Figure 2. Logic Symbol 



Figure 3. Block Diagram 
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Intel 

^^ I8048/8748/8035L 

INDUSTRIAL TEMPERATURE RANGE 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 

• 8048 Mask Programmable ROM 

• 8648 One-Time Factory Programmable EPROM 

• 8748 User Programmable/ Erasable EPROM 

• 8035/8035L External ROM or EPROM 

• -40°C to +85°C Operation 



8-Bit CPU, ROM, RAM, I/O in Single 
Package 

Interchangeable ROM and EPROM 
Versions 

Single 5V Supply 

2.5 /isec and 5.0 ptsec Cycle Versions: 
All instructions 1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 



1Kx8ROM/EPROM 
64 x 8 RAM 
27 I/O LINES 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 
Peripherals 

Single Level Interrupt 



The Intel® 8048/8648/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip 
using Intel's N-channel silicon gate MOS process. 

The 8048 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded 
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program 
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro- 
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution 
of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati- 
ble versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program 
memory for low cost, high volume production, and the 8035 without program memory for use with external program 
memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



PIN CONFIGURATION 



LOGIC SYMBOL 




8-BIT 
CPU 



BLOCK DIAGRAM 



1024 WORDS 
PROGRAM 
MEMORY 



T> 




8BIT 

TIMER/ 

EVENT COUNTER 



64 WORDS 

DATA 
MEMORY 



±z 



27 
I/O LINES 
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PIN DESCRIPTION 

Designation Pin # Function 



Designation Pin # Function 



P10-P17 


27-34 


Port 1 




P20-P27 


21-24 


Port 2 


35-38 



DB -DB 7 
BUS 



V ss 20 Circuit GND potential 

Vqd 26 Programming power supply; +25V 

during program, +5V during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L 

Vcc 40 Main power supply; +5V during 

operation and programming. 

PROG 25 Program pulse (+23V) input pin 

during 8748 programming. 

Output strobe for 8243 I/O 
expander. 

8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. 

P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. 

12-19 True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addres sed ins truction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instructi on, u nder 
control of ALE, RD, and WR. 

1 Input pin testable using the con- 

ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

39 Input pin testable using the JT1, 

and JNT1 instructions. Can be des- 
ignated the timer /counter input using 
the STRT CNT instruction. 

6 Interrupt input. Initiates an inter- 

rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 



TO 



T1 



INT 



RD 



RESET 



WR 



ALE 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

4 Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 

(Non TTL V, H ) 

10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

1 1 Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

9 Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 Single step input can be used in con- 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

7 External access input which forces 

all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL V tH ) 

3 Other side of crystal input. 
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INSTRUCTION SET 



Description 



Bytes Cycle 



Description 



Bytes Cycles 





ADD A, R 


Add register to A 1 






ADD A, @R 


Add data memory to A 1 






ADD A, -data 


Add immediate to A 2 


2 




ADDC A, R 


Add register with carry 1 






ADDC A, @R 


Add data memory with carry 1 






ADDC A, -data 


Add immediate with carry 2 


2 




ANL A, R 


And register to A 1 






ANL A, @R 


And data memory to A 1 






ANL A, =data 


And immediate to A 2 


2 




ORL A, R 


Or register to A 1 




o 


ORL A, @R 


Or data memory to A 1 




"5 


ORL A, -data 


Or immediate to A 2 


2 


fc 

3 


XRL A, R 


Exclusive or register to A 1 




< 


XRL A, @R 


Exclusive or data memory to A 1 




XRL A, -data 


Exclusive or immediate to A 2 


2 




INC A 


Increment A 1 






DEC A 


Decrement A 1 






CLR A 


Clear A 1 






CPL A 


Complement A 1 






DA A 


Decimal adjust A 1 






SWAP A 


Swap nibbles of A 1 






RLA 


Rotate A left 1 






RLC A 


Rotate A left through carry 1 






RR A 


Rotate A right 1 






RRC A 


Rotate A right through carry 1 






IN A, P 


Input port to A 1 


2 




OUTLP, A 


Output A to port 1 


2 




ANL P, ^data 


And immediate to port 2 


2 


3 


ORL P, #data 


Or immediate to port 2 


2 


3 


INS A, BUS 


Input BUS to A 1 


2 


u 


OUTL BUS, A 


Output A to BUS 1 


2 


3 

a 


ANL BUS,^data 


And immediate to BUS 2 


2 


c 


ORL BUS^data 


Or immediate to BUS 2 


2 




MOVD A, P 


Input expander port to A 1 


2 




MOVD P, A 


Output A to expander port 1 


2 




ANLD P, A 


And A to expander port 1 


2 




ORLD P, A 


Or A to expander port 1 


2 


w 


INCR 


Increment register 1 


1 


QC 


INC @R 


Increment data memory 1 


1 


DECR 


Decrement register 1 


1 





JMPaddr 


Jump unconditional 


2 


2 




JMPP @A 


Jump indirect 


1 


2 




DJNZR,addr 


Decrement register and skip 


2 


2 




JCaddr 


Jump on carry = 1 


2 


2 




JNCaddr 


Jump on carry = 


2 


2 




J Z addr 


Jump on A zero 


2 


2 




JNZaddr 


Jump on A not zero 


2 


2 


JZ 

o 


JTO addr 


Jump on JO = 1 


2 


2 


re 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on FO = 1 


2 


2 




JF1 addr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT = 


2 


2 




JBbaddr 


Jump on accumulator bit 


2 


2 



c 


CALL addr 


Jump to subroutine 2 


2 


3 
O 


RET 


Return 1 


2 


3 
CO 


RETR 


Return and restore status 1 


2 




CLR C 


Clear carry 1 






CPL C 


Complement carry 1 




o» 


CLR FO 


Clear flag 1 




u. 


CPL FO 


Complement flag 1 






CLR F1 


Clear flag 1 1 






CPL F1 


Complement flag 1 1 






MOV A, R 


Move register to A 1 






MOV A, @R 


Move data memory to A 1 






MOV A, #data 


Move immediate to A 2 






MOV R, A 


Move A to register 1 






MOV @R, A 


Move A to data memory 1 






MOV R, #data 


Move immediate to register 2 




03 


MOV@R,*data 


Move immediate to data memory 2 




o 


MOV A, PSW 


Move PSW to A 1 




«3 


MOV PSW, A 


Move A to PSW 1 




Q 


XCH A, R 


Exchange A and register 1 






XCHA,@R 


Exchange A and data memory 1 






XCHD A, @R 


Exchange nibble of A and register 1 






MOVX A, @R 


Move external data memory to A 1 


2 




MOVX @R, A 


Move A to external data memory 1 


2 




MOVP A, @A 


Move to A from current page 1 


2 




MOVP3 A, @A 


Move to A from page 3 1 


2 




MOV A, T 


Read timer/counter 1 




0) 


MOVT, A 


Load timer/counter 1 




c 

3 


STRTT 


Start timer 1 




tf 


STRT CNT 


Start counter 1 




ai 


STOP TCNT 


Stop timer/counter 1 




£ 


ENTCNTI 


Enable timer/counter interrupt 1 




DISTCNTI 


Disable timer/counter interrupt 1 






EN I 


Enable external interrupt 1 






DISI 


Disable external interrupt 1 







SELRBO 


Select register bank 1 




c 


SELRB1 


Select register bank 1 1 




p 


SELMBO 


Select memory bank 1 






SEL MB1 


Select memory bank 1 1 






ENTOCLK 


Enable clock output on TO 1 





No operation 



Mnemonics copyright Intel Corporation 1976 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias - 40° C to + 85° C 

Storage Temperature - 65° C to + 125°C 

Voltage On Any Pin With Respect 

to Ground - 0.5V to + 7V 

Power Dissipation 1 .5 Watt 



*COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 



D.C. AND OPERATING CHARACTERISTICS 

T A = -40°Cto +85°C, V CC = V DD = +5V +10%, V ss = 0V 



Symbol 


Parameter 


Limits 


Unit 




Min. 


Typ. 


Max. 




V.L 


Input Low Voltage (All Except RESET, XTAL1, XTAL2) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (RESET, X1, X2) 


-0.5 




0.6 


V 




V| H 


Input High Voltage (All Except XTAL1, XTAL 2, RESET) 


2.2 




Vcc 


V 




V| H 1 


Input High Voltage (XTAL1, XTAL2, RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (BUS, RD, WR, PSEN, ALE) 






0.45 


V 


l i_=1-6 mA 


Vou 


Output Low Voltage (P10-P17, P20-P27) 






0.45 


V 


I l=1-2 mA 


V OL2 


Output Low Voltage (All Other Outputs) 






0.45 


V 


I l = 0.8 mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


Ioh = - 280 ^ 


V OH1 


Output High Voltage (RD, WR, ALE, PSEN) 


2.4 






V 


Ioh = - 80 mA 


V OH2 


Output High Voltage (All Other Outputs) 


2.4 






V 


l OH =-30 M A 


"LI 


Input Leakage Current (T1, fNT) 






±10 


ma 


Vss<V,n<V C c 


Ilh 


Input Leakage Current (P10-P17, P20-P27, EA, §S) 






-600 


m a 


V ss +.45<V, N <Vcc 


Ilo 


Output Leakage Current (BUS, TO) (High Impedance State) 






±10 


MA 


V ss + 0.45<V, N <Vcc 


•dd 


V DD Supply Current 




10 


20 


mA 




•dd+ 'cc 


Total Supply Current 




75 


145 


mA 





BUS 



P1, P2 



BUS, P1, P2 




0V 2V 





0V 2V 4V 
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WAVEFORMS 

Instruction Fetch From External Program Memory 



Read From External Data Memory 





- — t L L— 




Icy *■ 










1 




— 


Wc-« ^ ^| t C A 


V- 




*LA 


— 


r^ 




-*1 *al 


*"| l DR |" 


PI 


DATINfi^r 


f F 


OATIMR >f N/ 


FLOATING! Nr 



K — ^d- 



INSTRUCTION 



J 



1 



h- 



«CA I*— 



BUS FLOATING 



Y*EEKZ-)(EEX 



Write to External Data Memory 

ALE 



J L 



^ l CC -| «CA [-— 



~~\ ~H — tw ° 

bus floatingVaddressVfloatingY data Y floating 



Input and Output Waveforms for A.C. Tests 



2.4 ■ 
0.45 ■ 



X 



*!!>TEST POINTS^ 
0.8"^ ^--0.8. 



&C 



A.C. CHARACTERISTICS 

T A = -40°Cto +85°C, V CC = V DD =+5V 



:10%, V ss = 0V 



Symbol 


Parameter 


8048/8035L 


8748/8035 


Unit 


Conditions (Note 1) 


Min. 


Max. 


Min. 


Max. 


tLL 


ALE Pulse Width 


200 




300 




ns 




tAL 


Address Setup to ALE 


120 




120 




ns 




tLA 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


400 




600 




ns 




tow 


Data Setup Before WR 


420 




600 




ns 




*WD 


Data Hold After WR 


80 




120 




ns 


C L =20pF 


*CY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 


MS 


(3.6 M Hz XTAL 8748/8035) 


tDR 


Data Hold 





200 





200 


ns 




*RD 


PSEN, RD to Data In 




400 




600 


ns 




*AW 


Address Setup to WR 


230 




260 




ns 




*AD 


Address Setup to Data In 




600 




900 


ns 




*AFC 


Address Float to RD, PSEN 


-40 




-60 




ns 




tCA 


Control Pulse to ALE 


10 




10 




ns 





Note 1: Control Outputs: C L = 80 pF t CY = 2.5 M s for 8048/8035L 
BUS Outputs: C L =150pF 4.17 M s for 8748/8035 
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A.C. CHARACTERISTICS 

T A =-40°Cto +85°C, V CC = 5V ±10%, V SS = 0V 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*cp 


Port Control Setup Before Falling Edge of PROG 


115 




ns 




tpc 


Port Control Hold After Falling Edge of PROG 


65 




ns 




*PR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tpF 


Input Data Hold Time 





160 


ns 




*DP 


Output Data Setup Time 


230 




ns 




*PD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 




tpL 


Port 2 I/O Data Setup 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 




ns 





PORT 2 TIMING 



J—\ 



EXPANDER 
PORT 



y — v. 



DC 



EXPANDER 
PORT 



DC 






-X 



>: 



PORT 2 .3 DATA 



X 



PORT 2 -3 DATA 



X 



PORT CONTROL 



X 



PORT CONTROL 



OUTPUT DATA 



*= 



xzzx 



:c 



/ 
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CRYSTAL OSCILLATOR MODE 



DRIVING FROM EXTERNAL SOURCE 



0— 15 pF 
(INCLUDES XTAL -L- 
SOCKET, STRAY) """ 



-o 



15-25 pF •==. 
(INCLUDES SOCKET, 

STRAY) -±- 



CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <180Q AT 3.6 MHz. 



BOTH X1 AND X2 SHOULD BE DRIVEN. 

RESISTORS TO V C c ARE NEEDED TO ENSURE V| H = 3.8V IF TTL CIRCUITRY I! 

USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%. 



LC OSCILLATOR MODE 



_L_ _C_ NOMINAL f 

45 M H 20 pF 5.2 MHz 

120 mH 20 pF 3.2 MHz 




~ 2n^LC 



C'=' 



C P p = 5-10 pF PINTO-PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 



PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 



Programming Verification 



In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching the 
address, applying data, and applying a programming 
pulse. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a description of their functions: 



Pin 



Function 



XTAL 1 Clock Input (1 to 6 MHz) 

RESET Initialization and Address Latching 

TEST Selection of Program or Verify Mode 

EA Activation of Program/Verify Modes 

BUS Address and Data Input 
Data Output during Verify 

P20-1 Address Input 

Vdd Programming Power Supply 

PROG Program Pulse Input 



WARNING: 

An attempt to program a mis-socketed 8748 will result in 
severe damage to the part. An indication of a properly 
socketed part is the appearance of the ALE clock out- 
put. The lack of this clock may be used to disable the 
programmer. 
The Program/Verify Sequence is: 

1. V DD = 5V, cloc k applied or internal oscillator oper- 
ating, RESET = 0V, TEST = 5V, EA = 5V, BUS and 
PROG floating. 

2. Insert 8748 in programming socket. 

3. TEST = 0V (select program mode). 

4. EA = 23V (activate program mode). 

5. Address applied to BUS and P20-1. 

6. RESET = 5V (latch address). 

7. Data applied to BUS. 

8. V D d = 25V (programming power). 

9. PROG = 0V followed by one 50 ms pulse to 23 V. 

10. V DD = 5V. 

11. TEST = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TEST0 = 0V. 



14. RESET = 0V and repeat from step 5. 

15. Programmer should be at conditions of step 1 when 
8748 is removed from socket. 
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AC TIMING SPECIFICATION FOR PROGRAMMING 

T A = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET r 


4tcy 








twA. 


Address Hold Time After RESETt 


4tcy 








^DW 


Data in Setup Time to PROGt 


4tcy 








twD 


Data in Hold Time After PROG1 


4tcy 








*PH 


RESET Hold Time to Verify 


4tcy 








tvDDW 


v DD 


4tcy 








*VDDH 


V DD Hold Time After PROGi 











*PW 


Program Pulse Width 


50 


60 


ms 




t T w 


Test Setup Time for Program Mode 


4tcy 








*WT 


Test Hold Time After Program Mode 


4tcy 








tDO 


Test to Data Out Delay 




4tcy 






t W w 


RESET Pulse Width to Latch Address 


4tcy 








tr.tf 


V DD and PROG Rise and Fall Times 


0.5 


2.0 


/MS 




tcY 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Time Before EAT 


4tcy 









Note: If Test is high too can be triggered by RESET t 



DC SPECIFICATION FOR PROGRAMMING 

T A = 25°C ± 5°C, Vcc = 5V ± 5%, Vdd = 25V ± 1V 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


Vdoh 


V DD Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


V DD Voltage Low Level 


4.75 


5.25 


V 




Vp H 


PROG Program Voltage High Level 


21.5 


24.5 


V 




V PL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


v EAH1 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low Level 




5.25 


V 




I DD 


V DD High Voltage Supply Current 




30.0 


mA 




I PROG 


PROG High Voltage Supply Current 




16.0 


mA 




Iea 


EA High Voltage Supply Current 




1.0 


mA 
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WAVEFORMS FOR PROGRAMMING 



COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 



23V 
EA 




/ 
























: Y 














OGRAM 










* 




PR 




; 




\ 


-<• 






^_ 












TO V 


i 








V- 


— tww - 


/ 






RESET 3 


r 




^ 




-* — t D o — *4 

-ex 


DATA 
VALID 


\ 


_y 




--< 




I W; 




y- 




DB0-DB7 V- — 


ADDRESS 
0-7) VALID 


v 

A PROGR 


VTA TO BE 
AMMED VALID 


EXT ADDR \y 
VALID A. 










D D LAST 
P20-P1 ADDRESS 


X 






ADDRESS (8-9) VALID 








X 


NEXT 
ADDRESS 






tvDDW — *" 




h — *\ 


«•— tVDDH 


















\ 






Vdd 






/ 


t 




\ 








tDW~^ 


— - 




— tWD 








— \ 




PROG 








""\_ 


-J 


I 




\ 


__ 






+0 


^ 


J 







VERIFY MODE (ROM/EPROM) 



/ 



\ 



f 



\ 



>--< 



ADDRESS 
(0-7) VALID 



XDATA OUT V^ f^ 

VALID r \_ 



NEXT 
ADDRESS 



X NEXT DATA \^ 
OUT VALID / " 



P20-P1 



X 



ADDRESS (8-9) VALID 



X 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5Aisec„tcY- THIS IS ACCEPTABLE FOR 
-8 PARTS AS WELL AS STANDARD PARTS. 



NEXT ADDRESS VALID 



The 8748 EPROM can be programmed by either Of two Note: See the ROM/PROM section for 8048 ROM ordering procedures. 
Intel products: T° minimize turnaround time on the first 25 pieces 8648 may be 

specified on the ROM order. 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP-848 
Personality Card. 
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I8048H 

NEW HIGH PERFORMANCE 

HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 

■ I8048H Mask Programmable ROM 

■ RAM Power Down Mode 

■ Interchangeable with 8748 

■ 8 MHz Operation 



8-Bit CPU, ROM, RAM, I/O in Single 

Package 

High Performance HMOS 

Reduced Power Consumption, Typically 

50 mA, 100 mA at Extended Temperature 

1.9 //sec Cycle 

All instructions 1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 

-40° C to 85° C Operation 



1Kx8ROM 

64 x 8 RAM 

27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 

Peripherals 

Two Single Level Interrupts 



The Intel® 8048H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using Intel's 
advanced N-channel silicon gate HMOS process. 

The 8048H contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be ex- 
panded using standard memories and MCS-80®/MCS-85® peripherals. The 8035HL is the equivalent of the 8048H 
without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally pin- 
compatible version of the 8048H with UV-erasable user-programmable EPROM program memory is available. The 
8748 will emulate the I8048H up to 6 MHz clock frequency with minor differences. 
The I8048H is fully compatible with the 18048 when operated at 6 MHz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 



1024 WORDS 
PROGRAM 
MEMORY 



7Y 



8 BIT 
CPU 



Iz 



8 BIT 

TIMER 

EVENT COUNTER 



64 WORDS 

DATA 
MEMORY 



7Y 



12. 



Figure 1. 
Block Diagram 




Figure 2. 
Logic Symbol 



Figure 3. 
Pin Configuration 
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18049/8039 

HIGH PERFORMANCE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 

*8049 Mask Programmable ROM 
*8039 External ROM or EPROM 
*6 MHz Operation 



8-Bit CPU, ROM, RAM, I/O in 
Single Package 

Single 5V± 10% Supply 

2.5 /xsec Cycle; All Instructions 
1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 
Pin Compatible with 8048/8748 



2K x 8 ROM 
128x8 RAM 
27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with MCS® Memory and I/O 

Single Level Interrupt 



The Intel® I8049/8039 is totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's 
N-channel silicon gate MOS process. 

The 8049 contains a 2Kx8 program memory, a 128x8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-80® /MCS-85® peripherals. The 8039 is the equivalent of an 8049 without program 
memory. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program 
memory for low-cost high volume production, and the 8039 without program memory for use with external program 
memories in prototype and preproduction systems. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 




ST J 
IRUPT *■ 

S <A> 



I8049 






PROGRAM 

► STORE 
ENABLE 

ADDRESS 

► LATCH 
ENABLE 

PORT 
"EXPANDER 
STROBE 



8-BIT 
CPU 



2048 WORDS 
PROGRAM 
MEMORY 



7T 



AL 



8-BIT 

TIMER/ 

EVENT COUNTER 



128 WORDS 

DATA 

MEMORY 
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Table 1. Pin Description 



Designation 


Pin# 


Function 


Vss 


20 


Circuit GND potential 


Vdd 


26 


+5V during operation. Low power 
standby pin. 


Vcc 


40 


Main power supply; +5V during 
operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 


P10-P17 
Porti 


27-34 


8-bit quasi-bidirectional port. 


P20-P27 


21-24 


8-bit quasi-bidirectional port. 


Port 2 


35-38 


P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243 


D0-D7 
BUS 


12-19 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 


TO 


1 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. 


T1 


39 


Input pin testable using the JT1, 
and JNT1 instructions. Can be des- 
ignated the timer /counter input using 
the STRT CNT instruction. 


INT 


6 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 



Designation 


Pin# 


Function 


RD 


8 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 

Used as a Read Strobe to External 
Data Memory. (Active low) 


RESET 


4 


Input which is used to initialize the 
processor. Also used during verifi- 
cation, and power down. (Active 
low) (NonTTLV m ) 


WR 


10 


Output strobe during a BUS write. 
(Active low) 

Used as write strobe to External 
Data Memory. 


ALE 


11 


Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


PSEN 


9 


Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


SS 


5 


Single step input can be used in con- 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 


EA 


7 


External Access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 


XTAL1 


2 


One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Not TTL Compatible) 


XTAL2 


3 


Other side of crystal input. 
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INSTRUCTION SET 

Mnemonic Description 



Bytes Cycle 



Description 



Bytes Cycles 





ADD A, R 


Add register to A 1 






ADD A. @R 


Add data memory to A 1 






ADD A, #data 


Add immediate to A 2 


2 




ADDC A. R 


Add register with carry 1 






ADDC A. @R 


Add data memory with carry 1 






ADDC A, #data 


Add immediate with carry 2 


2 




ANL A, R 


And register to A 1 






AN LA, @R 


And data memory to A 1 






ANL A, #data 


And immediate to A 2 


2 


5 


ORLA. R 


Or register to A 1 




ORL A, @R 


Or data memory to A 1 




M 

3 


ORLA, #data 


Or immediate to A 2 


2 


fc 


XRLA, R 


Exclusive Or register to A 1 




XRLA. @R 


Exclusive or data memory to A 1 




*i 


XRLA, #data 


Exclusive or immediate to A 2 


2 




INC A 


Increment A 1 






DEC A 


Decrement A 1 






CLR A 


Clear A 1 






CPLA 


Complement A 1 






DA A 


Decimal Adjust A 1 






SWAP A 


Swap nibbles of A 1 






RLA 


Rotate A left 1 






RLC A 


Rotate A left through carry 1 






RR A 


Rotate A right 1 






RRCA 


Rotate A right through carry 1 






IN A, P 


Input port to A 1 


2 




OUTL P, A 


Output A to port 1 


2 




ANL P, #data 


And immediate to port 2 


2 


a 


ORLP, #data 


Or immediate to port 2 


2 


3 


INS A, BUS 


Input BUS to A 1 


2 


o 


OUTL BUS. A 


Output A to BUS 1 


2 


3 

a 


ANL BUS,#data 


And immediate to BUS 2 


2 


c 


ORL BUS,#data 


Or immediate to BUS 2 


2 




MOVD A, P 


Input Expander port to A 1 


2 




MOVD P, A 


Output A to Expander port 1 


2 




AN LDP, A 


And A to Expander port 1 


2 




ORLD P, A 


Or A to Expander port 1 


2 


VI 

fc 


INCR 


Increment register 1 


1 


tS 


INC@R 


Increment data memory 1 


1 




DECR 


Decrement register 1 


1 





JMP addr 


Jump unconditional 


2 


2 




JMPP @A 


Jump indirect 


1 


2 




DJNZ R, addr 


Decrement register and skip 


2 


2 




JC addr 


Jump on Carry = 1 


2 


2 




JNC addr 


Jump on Carry = 


2 


2 




J Z addr 


Jump on A Zero 


2 


2 




JNZaddr 


Jump on A not Zero 


2 


2 


t 


JTO addr 


Jump on TO = 1 


2 


2 


CO 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on F0 = 1 


2 


2 




JF1 addr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT = 


2 


2 




JBb addr 


Jump on Accumulator Bit 


2 


2 



o 


CALL 


Jump to subroutine 2 


2 


RET 


Return 1 


2 


.0 
3 


RETR 


Return and restore status 1 


2 




CLR C 


Clear Carry 1 






CPL C 


Complement Carry 1 




s 

u. 


CLR F0 


Clear Flag 1 




CPL F0 


Complement Flag 1 






CLR F1 


Clear Flag 1 1 






CPLF1 


Complement Flag 1 1 






MOV A, R 


Move register to A 1 






MOV A, @R 


Move data memory to A 1 






MOV A, #data 


Move immediate to A 2 






MOV R, A 


Move A to register 1 






MOV @R, A 


Move A to data memory 1 






MOV R,#data 


Move immediate to register 2 


2 


co 

> 


MOV @R, #data Move immediate to data memory 2 


2 


o 


Move A, PSW 


Move PSW to A 1 




re 


MOV PSW, A 


Move A to PSW 1 




(0 

a 


XCH A, R 


Exchange A and register 1 






XCHA,@R 


Exchange A and data memory 1 






XCHD A, @R 


Exchange nibble of A and register 1 






MOVX A, @R 


Move external data memory to A 1 


2 




MOVX @R, A 


Move A to external data memory 1 


2 




MOVP A, @A 


Move to A from current page 1 


2 




MOVP3 A. @A 


Move to A from Page 3 1 


2 




MOV A, T 


Read Timer/Counter 1 




a> 


MOV T, A 


Load Timer/Counter 1 




3 


STRTT 


Start Timer 1 




tf 


STRT CNT 


Start Counter 1 




fc 

E 


STOP TCNT 


Stop Timer/Counter 1 




EN TCNTI 


Enable Timer/Counter Interrupt 1 




DISTCNTI 


Disable Timer/Counter Interrupt 1 






EN I 


Enable external interrupt 1 






DISI 


Disable external interrupt 1 




o 


SELRB0 


Select register bank 1 




S 


SELRB1 


Select register bank 1 1 




O 


SELMB0 


Select memory bank 1 






SELMB1 


Select memory bank 1 1 






ENT0 CLK 


Enable Clock output on TO 1 





No Operation 



Mnemonics copyright Intel Corporation 1976, 1977, 1978 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -40° C to +85° C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin With 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 

D.C. CHARACTERISTICS t a = -40°c to +85°c, 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect 
device reliability. 

Vcc " V D d = +5V ± 10%, V S s= 0V 





Parameter 


Limits 


Unit 




Symbol 


Min. 


Typ. 


Max. 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 




0.6 


V 




V| H 


Input High Voltage 


2.2 




Vcc 


V 






(All Except XTAL1, XTAL2, RESET) 




V|H1 


Input High Voltage (RESET, X1, X2) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage 

(BUS, RD,WR, PSEN,ALE) 






0.45 


V 


•ol = 1-6 ma 


V L1 


Output Low Voltage 

(All Other Outputs Except PROG) 






0.45 


V 


Iol = 1-2 ma 


Voi 1 


Output Low Voltage (PROG) 






0.45 


V 


Iql = 0.8 ma 


V H 


Output High Voltage 
(BUS, RD,WR, PSEN,ALE) 


2.4 






V 


I h = -80/za 


V OH1 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


l 0H = -30 /za 


IlL 


Input Leakage Current 
(T1 , INT) 






±10 


MA 


V SS^V|n<Vcc 


«OL 


Output Leakage Current (Bus, TO) 
(High Impedance State) 






±10 


juA 


V SS + 0.45 <v, N < v cc 


>DD 


Power Down Supply Current 






50 


mA 


T A = 25°C 


'dd +, cc 


Total Supply Current 






170 


mA 


T A = 25°C 



A.C. CHARACTERISTICS t a = -40°c to +85°c, v cc = v DD = +5V ±10%, Vss = ov 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions (Note 2) 


tLL' 


ALE Pulse Width 


200 




ns 




tAL 


Address Setup to ALE 


120 




ns 




tLA 


Address Hold from ALE 


80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


400 




ns 




*DW 


Data Set-Up Before WR 


420 




ns 




twD 


Data Hold After WR 


80 




ns 


C L =20pF 


*CY 


Cycle Time 


2.5 


15.0 


MS 


(6 MHz XTAL for 
ID8049) 


l DR 


Data Hold 





200 


ns 




*RD 


PSEN, RD to Data In 




400 


ns 




*aw 


Address Setup to WR 


230 




ns 




*AD 


Address Setup to Data In 




600 


ns 




*AFC 


Address Float to RD, PSEN 


-40 




ns 





Notes: 1. 8039-6 specifications are also valid for 8049/8039 operating at 6MHz. 



2. Control Outputs: Cj_ = 80pF 
~ =150pF 



BUS Outputs: 
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WAVEFORMS 



INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 






ALE 


* t. . 


*CY 




"* l LL 










L 




-~ 










*AFC 


< Hxi *" 




PSEN 


l LA 






X 


-^ 


^ 

*AL 


— 


*DR " 




BUS FLOATING N 


c 


V FLOATING Y V FLOATING 


ADDRESS^ 


' 


-Vd 


"* *RD ** 


\ 
INSTRL 


CTION 















READ FROM EXTERNAL DATA MEMORY 








- i i 




i 


L 




f* l cc ► 




RD 


"* *DR 


l AFC *" 




FLOATING 

/ 


BUS FLOATING ^VDDRESsY / \ 


MDATA 


Sf FLOATING 


-« t* 


^RD** 








H i/ 


vu 







WRITE TO EXTERNAL DATA MEMORY 










ALE 1 




L 






*cc - 




WR 




k)\N — 






— *WD 


BUS FLOATINgVaDDRESsYfLOATINgY DATA \ 


FLOATING 












"* *aw ** 
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A.C. CHARACTERISTICS 

T A = -40°Cto+85°C, V cc = V DD = +5V±10%, Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions (Note 2) 


tcp 


Port Control Setup Before Falling 
Edge of PROG 


115 




ns 




tw 


Port Control Hold After Falling Edge 
of PROG 


65 




ns 




tpR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




t D p 


Output Data Setup Time 


230 




ns 




tp D 


Output Data Hold Time 


25 




ns 




tpF 


Input Data Hold Time 





160 


ns 




tpp 


PROG Pulse Width 


920 




ns 




tpL 


Port 2 I/O Data Setup 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 




ns 





WAVEFORMS 



PORT 2 TIMING 



-T^ 



EXPANDER 
PORT 



DC 



EXPANDER 
PORT 



DCZE 



v — V 



.A 



>: 



PORT 2o- 3 DATA 



PORT 2o-3 DATA 



X 



PORT CONTROL 



>: 



OUTPUT DATA 



PORT CONTROL 



;xzzx 



:c 



INPUT 
DATA 



:c 



"v 



f 
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CRYSTAL OSCILLATOR MODE 



LC OSCILLATOR MODE 




_L_ C_ NOMINAL I 

45 M H 20 pF 5.2 MHz 

120 mH 20 pF 3.2 MHz 



C1 = 5pF ± VipF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF ± 1pF + STRAY < 5pF 

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 75 Q AT 6MHz; LESS 
THAN180C AT 3.6MHz. 




,_ C + 3Cpp 

C - j 



Cpp =5- 10 pF PIN TOPIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 



DRIVING FROM EXTERNAL SOURCE 



-o 



l 



FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 



BE HIGH 35-65% OF THE PERIOD. 

FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 
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I8049H/8039H 

NEW HIGH PERFORMANCE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 

■ I8049H Mask Programmable ROM 

■ I8039H Requires External ROM or EPROM 

■ 11 MHz Operation 



8-Bit CPU, ROM, RAM, I/O in Single 

Package 

Single 5V ± 10% Supply 

1.36 //sec Cycle; All instructions 1 or 2 

Cycles 

Over 90 Instructions: 70% Single Byte 

Pin Compatible with 8048/8748 



2K x 8 ROM 

128 x 8 RAM 

27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with MCS Memory and I/O 

Single Level Interrupt 



The Intel® 8049/8033 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's 
N-channel silicon gate MOS process. 

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-80®/MCS-85® peripherals. The 8039 is the equivalent to an 8049 without pro- 
gram memory. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin- 
compatible versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM 
program memory for low-cost high volume production, and the 8039 without program memory for use with external 
program memories in prototype and preproduction systems. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 



2048 WORDS 
PROGRAM 
MEMORY 



7^ 



\7 



8 BIT 

TIMER/ 
EVENT COUNTER 



128 WORDS 
DATA 
MEMORY 



7\ 



SINGLE _ 
STEP 

EXTERNAL _ 
MEM 



\7 



-c 



BUS<V) 



CO P T 



0> 



PORT 
2 



PROGRAM 

► STORE 
ENABLE 

ADDRESS 

► LATCH 
ENABLE 

PORT 

► EXPANDER 
STROBE 



Figure 1. 
Block Diagram 



Figure 2. 
Logic Symbol 



TOC 
XTAL. 1C 
XTAL 2C 

resetQ 
ssC 

INtC 
EAC 

rdC 
psenC 
wrC 
aleC 
DB oC 
DB iC 

DB ? C 
DB 3 C 
DB 4 C 
DB b C 
DB 6 C 
DB 7 C 



40 DVcc 

39 D T1 

38 I)P27 

37 ]]P26 

36 DP?S 

35 3P24 

34 I]P17 

33 I]P16 

32 DP15 

31 DP14 

30 Dm 

29 I]P12 

28 HP11. 

27 3P10 

26 nv D0 

25 3 p ROG 
24 D p 23 
23 I)P22 
22 Df»21 
21 DP20 



Figure 3. 
Pin Configuration 
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I8085A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

INDUSTRIAL 



m Industrial Temperature Range: 
-40 to + 85°C 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 fxs Instruction Cycle 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 



■ On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

■ Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 8080A- 
Compatible Interrupt 

■ Serial In/Serial Out Port 

■ Decimal, Binary and Double Precision 
Arithmetic 

■ Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® I8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software com- 
patible with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher 
system speed. Its high level of system integration allows a minimum system of three ICs [8085A (CPU), 8156 (RAM I/O), 
and 8355/8755A (ROM/PROM/IO)] while maintaining total system expandability. 

The I8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The I8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 81 55/81 56/8355/8755A memory products allow a direct interface with the I8085A. 



INTA RST6 

IRST 5.5 I 
i I 



INTERRUPT CONTROL 



SID SOD 

' t 

SERIAL I/O CONTROL 



8-BIT INTERNAL DATA BUS 




SUPPLY [ -»■ GND 



TIMING AND CONTROL 
CONTROL STATUS DMA 



Ton - I 

ER^bJ 



MACHINE 

CYCLE 
ENCODING 



STACK POINTER 



PROGRAM COUNTER 



ADDRESS BUFFER 



¥ 



DATA/ADDRESS BUFFER 



T 



X2 C 

RESET OUT C 

SOD C 

SID C 

TRAP C 



AD C 
AD! C 
AD 2 C 



AD 3 I 
AD 4 C 
AD 5 C 
AD 6 C 
AD 7 C 
VSS C 



3 HOLD 
3 HLDA 
3 CLKIOUT) 



3 Sj_ 
3 RD 

3 WR 



Figure 1. Block Diagram 



Figure 2. 
Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -40°C to 85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.3 to +7V 

Power Dissipation 1.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°C to 85°C, V C c = 5V ±5%, V S s = 0V; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+0.8 


V 




V|H 


Input High Voltage 


2.2 


V cc +0.5 


V 




V OL 


Output Low Voltage 




0.45 


V 


Iol = 1.6mA 


V H 


Output High Voltage 


2.4 




V 


l 0H = -400/iA 


'cc 


Power Supply Current 




200 


mA 




'lL 


Input Leakage 




±10 


HA 


V in = V cc 


"LO 


Output Leakage 




±10 


juA 


0.45V < V out < V CC 


V,LR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




V|HR 


Input High Level, RESET 


2.4 


V cc +0.5 


V 




V H Y 


Hysteresis, RESET 


0.25 




V 





NOTE: 

1. The I8085A will operate as a 8085A-2 from 0°C to 70°C. 



Table 2. Bus Timing Specification as a T CY c Dependent 



t AL 


(1/2) T- 50 




MIN 


t LA 


(1/2) T- 60 




MIN 


t LL 


(1/2) T- 40 




MIN 


t LCK 


(1/2)T-60 




MIN 


l LC 


(1/2) T- 30 




MIN 


t AD 


(5/2 + N)T- 


225 


MAX 


t RD 


(3/2 + N)T- 


200 


MAX 


t RAE 


(1/2) T- 60 




MIN 


*CA 


(1/2) T- 40 




MIN 


t DW 


(3/2 + N)T- 


60 


MIN 



NOTE: 

N is equal to the total WAIT states. 
T = tcYC. 



t WD 


(1/2) T- 80 


MIN 


t CC 


(3/2 + N) T - 80 


MIN 


t CL 


(1/2) T- 110 


MIN 


t ARY 


(3/2) T - 260 


MAX 


t HACK 


(1/2)T-50 


MIN 


t HABF 


(1/2)T + 30 


MAX 


t HABE 


(1/2)T + 30 


MAX 


*AC 


(2/2) T - 50 


MIN 


X -\ 


(1/2) T- 80 


MIN 


X 2 


(1/2) T- 40 


MIN 


t RV 


(3/2) T - 80 


MIN 


t |NS 


(1/2) T + 200 


MIN 
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A.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = 5V ± 


5%, V SS = 0V) 




Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


T CYC 


CLK Cycle Period 


320 


2000 


ns 


See Notes 1, 2, 3, 4, 5 

T CYC = 320ns; 
C L = 1 50 pF 


X 1 


CLK Low Time 


80 




ns 


X 2 


CLK High Time 


120 




ns 


V*f 


CLK Rise and Fall Time 




30 


ns 


*AL 


Address (A8-A15) Valid Before Trailing Edge of ALE (1) 


110 




ns 


Ull 


Address (A0-A7) Valid Before Trailing Edge of ALE 


90 




ns 


*LA 


Address Hold Time After ALE 


100 




ns 


*LL 


ALE Width 


140 




ns 


t LCK 


ALE Low During CLK High 


100 




ns 


t LC 


Trailing Edge of ALE to Leading Edge of 
Control 


130 




ns 


*afr 


Address Float After Leading Edge of 
READ (INTA) 







ns 


*AD 


Valid Address to Valid Data In 




575 


ns 


t RD 


READ (or INTA) to Valid Data 




300 


ns 


t RDH 


Data Hold Time After READ (INTA) 







ns 


t RAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




ns 


l CA 


Address (A8-A15) Valid After Control 


120 




ns 


t DW 


Data Valid to Trailing Edge of WRITE 


420 




ns 


l WD 


Data Valid After Trailing Edge of WRITE 


100 




ns 


t CC 


Width of Control Low (RD, WR, INTA) 


400 




ns 


t CL 


Trailing Edge of Control to Leading Edge 
of ALE 


50 




ns 


l ARY 


READY Valid From Address Valid 




220 


ns 


t RYS 


READY Setup Time to Leading Edge of CLK 


110 




ns 


t RYH 


READY Hold Time 







ns 


t HACK 


HLDA Valid to Trailing Edge of CLK 


110 




ns 


t HABF 


Bus Float After HLDA 




210 


ns 


*RV 


Control Trailing Edge to Leading Edge of 
Next Control 


400 




ns 


*AC 


Address Valid to Leading Edge of Control 


270 




ns 


t HDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




ns 


t HDH 


HOLD Hold Time 







ns 


t INS 


INTR Setup Time to Leading Edge of CLK 
(M1, T1 only). Also RST and TRAP 


360 




ns 


t INH 


INTR Hold Time 







ns 



NOTES: _ 

1 . A8-1 5 address specs apply to IO/M, SO and S1 . A8-1 5 are undefined during t*— 1 6 of OF cycle whereas IO/M S and Si are stable. 

2. For all output timing where C|_ = 150pf use the following correction factors:25pf *s Cl < 150pf : -.10 ns/pf ; 150pf < C|_ ^ 300 pf : 
+.30ns/pf. 

3. Output timings are measured with purely capacitive load. 

4. All timings are measured at output voltage V|_ = .8V, Vh = 2.0V, and 1 .5V with 20ns rise and fall time on inputs. 

5. All timings are measured at input voltage V||_ = .45V, Vih = 2.4V. 

6. To calculate timing specifications at other values of Tcyc use the table in Table 2. 

7. L.E. = leading edge; T.E. = trailing edge. 
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I8085A 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



AC. TESTING LOAD CIRCUIT 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "O." 



DEVICE 
UNDER 
TEST 



I 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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Direct Addressing Capability to 
1 MByte of Memory 



INDUSTRIAL iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 

INDUSTRIAL 

■ 8-and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 



■ Assembly Language Compatible with 
8080/8085 



5 MHz Clock Rate 



■ 14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 

■ Bit, Byte, Word, and Block Operations 



■ MULTIBUS 1 M System Compatible 
Interface 

■ Industrial Temperature Range: 
-40°Cto +85°C 



The Intel® Industrial iAPX 86/10 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes o 
both 8- and 1 6-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 1 6-bit wide physical path to 
memory for high performance. 



EXECUTION UNIT 



REGISTER FILE 



DATA. 

POINTER, AND 

INDEX REGS 

(B WORDS) 



TEST 

INT 

NMI 

RO'GTai/2\ 

HOLD 

HLDA — 






BUS INTERFACE UNIT 

| RELOCATION I 
REGISTER FILE 



SEGMENT 
REGISTERS 
AND 
INSTRUCTION 
POINTER 
(S WORDS) 



If 



BUS 

INTERFACE 

UNIT 



3E 



— A A,i 

/a 1€ 



BHE/S? 
i9/S 6 



INTA.RD.WR 



DT/R.DEN.ALE 



6BYTE 

INSTRUCTION 

QUEUE 



CONTROL & TIMING 



^ 



LOCK 
QSo.QS, 



Y 



3 Ns2.Si.So 



GND C 


1 V 


40 


D v CC 


AD14 C 


2 


39 


1 


AD15 


AD13 C 


3 


38 


3 


A16/S3 


AD12 C 


4 


37 


3 


A17/S4 


AD11 C 


5 


36 


3 


A18/S5 


AD10 C 


6 


35 


3 A19/S6 


AD9 C 


7 


34 


3 


BHE/S7 


AD8 C 


8 


33 


3 


MN/MX 


AD7 C 


9 


32 


3 


RD 


AD6 C 


10 18086 31 


3 


RQ/GT0 (HOLD) 


AD5 C 




30 


3 


RQ/GT1 (HLDA) 


AD4 C 


12 


29 


3 


LOCK (WR) 


AD3 C 


13 


28 


3 


S2 (M/IO) 


AD2 C 


14 


27 


3 


Si (DT/R) 


AD1 C 


15 


26 


3 


SO (DEN) 


ADO C 


16 


25 


3 


QS0 (ALE) 


NMI C 


17 


24 


3 


QS1 (INTA) 


INTR Q 


18 


23 


3 


TEST 


CLK C 


19 


22 


3 


READY 


GND C 


20 


21 


3 


RESET 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 

4 L . A _ A ,,_,«. .«„^. „-«^ device. This is a stress rating only and functional opera- 

Ambient Temperature Under Bias. . . .-40°Cto + 85'C tion of the device at these or other conditions above those 

Storage Temperature - 65 °C to + 150°C indicated in the operational sections of this specification 

VOItage on Any Pin with /s no t implied. Exposure to absolute maximum rating 

Respect to Ground - 1.0 to + 7V conditions for extended periods may affect device 

Power Dissipation 2.5 Watt reliability. 



D.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


V cc +0-5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l OL =2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


Ioh = - 400 pA 


•cc 


Power Supply Current 
iAPX 86 




340 


mA 


T A =25°C 


'li 


Input Leakage Current 




±10 


MA 


0V < V, N < V cc 


«LO 


Output Leakage Current 




±10 


ma 


0.45V < V 0UT < V cc 


V CL 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V cc +1-0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
AD -AD 15 , RQ/GT) 




15 


PF 


fc=1 MHz 


C IO 


Capacitance of I/O Buffer 
(AD -AD 15 , RQ/GT) 




15 


P p 


fc=1MHz 
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INDUSTRIAL iAPX 86 



A.C. CHARACTERISTICS (T A = -40°c to +85°c, v C c = 5V ±10%) 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


iAPX 86 


Units 


Test Conditions 


Min. 


Max. 


TCLCL 


CLK Cycle Period - 8086 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/3 TCLCL)-15 




ns 


TCHCL 


CLK High Time 


(1/3 TCLCL) + 2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 35. V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes, 1, 2) 







ns 


TRYHCH 


READY Setup Time Into 8086 


( 2 /3 TCLCL)-15 




ns 


TCHRYX 


READY Hold Time Into 8086 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


35 




ns 


TINVCH 


INTR, NMI, TEST Setup Time (See Note 2) 


30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



TIMING RESPONSES 



Symbol 


Parameter 


iAPX 86 


Units 


Test Conditions 


Min. 


Max. 


TCLAV 


Address Valid Delay 


10 


110 


ns 


C L =20-100pFfor 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TLHLL 


ALE Width 


TCLCH-20 




ns 


TCLLH 


ALE Active Delay 




80 


ns 


TCHLL 


ALE Inactive Delay 




85 


ns 


TLLAX 


Address Hold Time to ALE Inactive 


TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time After WR 


TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


ns 


TAZRL 


Address Float to READ Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TWLWH 


WR Width 


2TCLCL-60 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at r 

3. Applies only to T2 state (8 ns into T3). 
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INDUSTRIAL iAPX 86 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



-1.5 -* TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



1 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



BUS TIMING — MINIMUM MODE SYSTEM 



CLK (8284A Output) 



M/IO 



BHE/S7, A19/S6-A16/S3 



VCL 

HCTV h— 



RDY (8284A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 

(NOTE 1) 

(WR,iNTA = V H) 



AD-t5-ADo 



X 



TCH1CH2— 



H 



BHE, A19-A16 



X 



TAVAL 
TCHLL—I 



\ 



TAVAL 
TLLAX- 



V| H 
V|L 
TRYLCL 



X 



T3 Tw 
TCL2CL1 / 



S7-S3 



J- 



r^K 



-TCHCTV TCLRL 





v 



X 



X 



/ 



r 
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INDUSTRIAL iAPX 86 



WAVEFORMS (Continued) 



BUS TIMING — MINIMUM MODE SYSTEM (Continued) 



I 

TCLCL - 



CLK (8284A Output) 



BHE/S7, A 19 yS6-A 18 /S3 



VcL 



WRITE CYCLE 
(NOTE 1) 

(RD.INTA, 
DT/R = V h) 



INTA CYCLE 
(NOTES 1 & 3) 
RD, WR = V h 



SOFTWARE HALT— 
RD, WR, INTA = V H 
DT/R = INDETERMINATE 



T 2 
TCH1CH2— 



X 



X 



/ 




T 3 T W 
~- TCL2CL1 / 



TCLDVh*- 



TAVAL 

TCHLL— I 



\ 



X 



I TCLDV— 
TCLAX— 



X 



X"\_^TA 



*-TCLCH — 



m 



x 



\ 



TAVAL 
TLLAX 



\ 



TCVCTX — 
-TDVCL- 




X 



X 



♦TWHDX— J 



J 



Y-<- 

^ — TCVCTX 




T 



INVALID ADDRESS 



SOFTWARE HALT 



NOTES: 

1 . All signals switch between Vqh and Vol unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T 3 , Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLCL 


CLK Cycle Period — 8086 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2/6 TCLCL)- 15 




ns 




TCHCL 


CLK High Time 


( 1 /3 TCLCL) + 2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




ns 




TCLDX 


Data in Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1,2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1, 2) 







ns 


TRYHCH 


Ready Setup Time into 8086 


(2/3 TCLCL)- 15 




ns 


TCHRYX 


Ready Hold Time into 8086 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) (See Note 2) 


30 




ns 


TGVCH 


RQ/GT Setup Time 


30 




ns 


TCHGX 


RQ Hold Time into 8086 


40 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



TIMING RESPONSES 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 


C L - 20-100 pF for 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 


TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


ns 


TCLAV 


Address Valid Delay 


10 


110 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 


TSVMCH 


Status Valid to MCE High (See Note 1) 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 


TCLMCH 


CLK Low to MCE High (See Note 1) 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


TCLMCL 


MCE Inactive Delay (See Note 1) 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 


TAZRL 


Address Float to Read Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLRH 


RD Inactive Delay 


10 


150 


ns 




TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 


TCLGL 


GT Active Delay 





85 


ns 


TCLGH 


GT Inactive Delay 





85 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1 . Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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WAVEFORMS 



BUS TIMING — MAXIMUM MODE SYSTEM (USING 8288) 

T, T 2 



jT\-J\ 



S2.S7,So (EXCEPT HALT) 



BHE/S7, A19/S6-A16/S3 



ALE (8288 OUTPUT) 



RDY (8284A INPUT) 



READY (8086 INPUT) 



READ CYCLE 



AD15-AD0 



8288 OUTPUTS 
SEE NOTES 5,6 



MRDCORIORC 



v 



TSVLH-H 
TCLLH* 




X 



.r 



± 



\ 



x 



1 T W 

X^^_XA 



X 



11 



X 



C (SEE NOTE 8] 

TCHDX-— ' 



\ 




XI 



X 
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INDUSTRIAL iAPX 86 



WAVEFORMS (Continued) 



BUS TIMING — MAXIMUM MODE SYSTEM (USING 8288) 
(Continued) 



jrs^rs_^rs_/~v^r\ 



§1,5^,53 (EXCEPT HALT) 



WRITE CYCLE 



8288 OUTPUTS 
SEE NOTES 5,6 



INTA CYCLE 



AMWC OR AIOWC 



MWTC OR IOWC 



AD 15 -ADo 

(SEE NOTES 3 & 4) 



MCE/ 
PDEN 



8288 OUTPUTS 
SEE NOTES 5,6 



X 



SOFTWARE H ALT- 

(DEN = VoL;RD,MRDC,IORC,MWTC,AMWC,iOWC,AIOWC,INTA, = Vqh) 



l— TCLDV 

iyL. — 



X 



/ 



Y 



RESERVED FOR 
CASCADE ADDR 




-TCLML -— 



-(see note 8) \ 



~-TCLMH 



h-c 



x 



r 



FLOAT 
-TCLDX 



-c 



<: 



/ 






INVALID ADDRESS 



S2,Si,S 



"Y 



s 



\. 



NOTES: 

1 . All signals switch between Voh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, Tyy to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T 4 . 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



^ 






- TINVCH (s«a note 1) 



>: 



NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
ATNEXTCLK 



BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

-Any CLK Cycle— J I-. Any CLK Cycle —J 



\ j 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



* 0-CLK Cycle— 



— rj V PULSE 1 / \ *r 

/ \ COPROCESSOR / 

A \ RO / 




PULSE 3 > 

^coprocessor/ 

RELEASE / 



AD 15 -AD h- 

Ai 9 /S6-Ai 6 /S 3 

5"2, 51, Si 

TO, COCK , 

BHE/S7 



X 



COPROCESSOR 



(SEE NOTE 1) 



A~ {E 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



BHE/S7JWIO, 
DT/R, WR, DEN 




f 



1 OR 2 CYCLES - 



jr±~s\ 



X 



COPROCESSOR 

— it 



)K 
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18155/8156* 
2048-BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

*Directly Compatible with I8085A CPU. 
INDUSTRIAL 



Industrial Temperature Range: 
-40°C to +85°C 

256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 



■ 2 Programmable 8 Bit I/O Ports 

■ 1 Programmable 6-Bit I/O Port 

■ Programmable 14-Bit Binary Counter/ 
Timer 

■ Multiplexed Address and Data Bus 

■ 40 Pin DIP 



The 18155 and 18156 are RAM and I/O chips to be used in the MCS-85® microcomputer system. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no 
wait states in 8085A CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on-chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 



$ 



256 X 8 
STATIC 
RAM 



TIMER CLK 1 



TIMER OUT- 



c 



V 



V >PB "' 



V 



^>pc„ 



I v cc (+ 



5V) 
V SS (0V) 



8155 = CE, 8156 = CE 



pc 3 


c 


1 ^ 


^ 40 


3 v cc 


pc 4 


c 


2 


39 


3 pc 2 


TIMER IN 


c 


3 


38 


J PC, 


RESET 


c 


4 


37 


3 pc 


pc 5 


c 


5 


36 


3 pb 7 


IMEROUT 


c 


6 


35 


3 pb 6 


IO/M 


c 


7 


34 


3 pb 5 


CEORCE* 


L 


8 


33 


3 pb 4 


RD 


c 


9 


32 


3 pb 3 


WR 
ALE 


c 

c 


10 31 
18155/ 

1 1 18156 30 


3 pb 2 

3 pb. 


AD Q 


L 


12 


29 


3 pb 


AD, 


c 


13 


28 


3 pa 7 


AD 2 


c 


14 


27 


3 pa 6 


AD 3 


c 


15 


26 


3 pa 5 


AD 4 


c 


16 


25 


3 pa 4 


AD 5 


c 


17 


24 


3 pa 3 


AD 6 


C 


18 


23 


3 pa 2 


AD ? 


C 


19 


22 


3 pa. 


V SS 


c 


20 


21 


3 PA 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias - 40 °C to 85 °C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°c to 85° c, v cc = 5V ±5%) 



Symbol 


Parameter 


Min. 


Max 


Units 


Test Condtions 


V, L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.0 


V cc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1.6mA 


Voh 


Output High Voltage 


2.4 




V 


lOH = -400/itA 


Iil 


Input Leakage 




±10 


MA 


0V^V| N ^Vcc 


Ilo 


Output Leakage Current 




±10 


MA 


0.45V < V UT < V C C 


«cc 


Vcc Suppiy Current 




180 


mA 




Iil(CE) 


Chip Enable Leakage 
8155 
8156 




+100 
-100 


MA 

ma 


0V^V, N ^V CC 



A.C. CHARACTERISTICS (T A = -40°c to 85° c, v cc = 5V ±5%) 



Symbol 


Parameter 


8155/8156 


Units 


Min. 


Max. 


tAL 


Address to Latch Set Up Time 


50 




ns 


t|_A 


Address Hold Time after Latch 


80 




ns 


tLC 


Latch to READ/WRITE Control 


100 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 


ns 


*AD 


Address Stable to Data Out Valid 




400 


ns 


tLL 


Latch Enable Width 


100 




ns 


tRDF 


Data Bus Float after READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Eanble 


20 




ns 


tec 


READ/WRITE Control Width 


250 




ns 


tDW, 


Data In to WR ITE Set Up Time 


150 




ns 


tWD 


Data In Hold Time after WRITE 







ns 


tRV 


Recovery Time Between Controls 


300 




ns 


t WP 


WRITE to Port Output 




400 


ns 


tpR 


Port Input Set Up Time 






ns 


tRP 


Port Input Hold Time 


50 




ns 


tSBF 


Strobe to Buffer Full 




400 


ns 


tss 


Strobe Width 


200 




ns 


tRBE 


READ to Buffer Empty 




400 


ns 
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A.C. CHARACTERISTICS (Continued) (T A = -4o°c to 85°c, v cc = sv ±5%) 



Symbol 


Parameter 


8155/8156 


Units 


Min. 


Max. 


tsi 


Strobe to I NTR On 




400 


ns 


tRDI 


READ to I NTR Off 




400 


ns 


tpss 


Port Set Up Time to Strobe 


50 




ns 


tpHS 


Port Hold Time after Strobe 


120 




ns 


tSBE 


Strobe to Buffer Empty 




400 


ns 


%BF 


WRITE to Buffer Full 




400 


ns 


twi 


WRITE to I NTR Off 




400 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 


ns 


tTH 


TIMER-IN to TIMER-OUT High 




400 


ns 


*RDE 


Data Bus Enable from READ Control 


10 




ns 


tl 


TIMER-IN Low Time 


80 




ns 


t 2 


TIMER-IN High Time 


120 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING LOAD CIRCUIT 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



"l c . 

I 



150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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18185* 
1024 x 8-BIT STATIC RAM FOR MGS-85* 

'Compatible with 8085A. 
INDUSTRIAL 



Multiplexed Address and Data Bus 

Directly Compatible with 8085A 
and 8088 Microprocessors 

Low Operating Power Dissipation 



Low Standby Power Dissipation 

Single +5V Supply 

High Density 18-Pin Package 



■ Industrial Temperature Range: 
-40°Cto+85°C 

The Intel® 18185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8 bits using N-channel 
silicon gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A 
and 8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 





CS 
CEt 
CE 2 

RD 
WR 
ALE 
















R/W 
LOGIC 






* 






































/ 


1 K 


DATA 

BUS 

BUFFER 


1Kx8 

RAM 

MEMORY 

ARRAY 


AD -AD 7 ( 






) 


\ 


\ 




V 








X-Y DECODE 




^ 


^V 


fs* 




K 


ADDRESS 
LATCH 








\ 






A 8 , A 9 
ALE 


V 





























AD C 

AD i c 

AD 3 C 
AD 4 C 
AD 5 C 
AD 6 C 
AD ? C 
VssC 



D RD 
3 WR 
3 ALE 

3 cs 
Deli 

H CE 2 
3 A 9 

]A 8 



AD AD 7 


ADDRESS/DATA LINES 


A 8 , A 9 


ADDRESS LINES 


CS 


CHIP SELECT 


CE 1 


CHIP ENABLE (IO/M) 


CE 2 


CHIP ENABLE 


ALE 


ADDRESS LATCH ENABLE 


RD 


READ ENABLE 


WR 


WRITE ENABLE 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The 81 85 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CEi and 
CE2 are all latched internally in the 81 85 by the falling edge 
of ALE. If the latched status of both CEi and CE2 are 
actiye^the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CEi and CE2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connec tion would be to wire the 8085A's 
IO/M line to the 8185's CEi input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 

Table 1. 

Truth Table for 

Power Down and Function Enable 



CE, 


CE 2 


CS 


(CS*)" 2 ' 


8185 Status 


1 


X 


X 





Power Down and 
Function Disables ] 


X 





X 





Power Down and 
Function Disableni 





1 


1 





Powered Up and 
Function Disablefi] 





1 





1 


Powered Up and 
Enabled 



NOTES: 

X: Don't Care. 

1: Function Disable implies Data Bus in high impedance state 

and not writing. 

2: CS* = (CEi = 0) . (CE2 = 1 ) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 



Table 2. 

Truth Table for 

Control and Data Bus Pin Status 



(CS*) 


RD 


WR 


AD -7 During Data 
Portion of Cycle 


8185 Function 





X 


X 


Hi-Impedance 


No Function 


1 





1 


Data from Memory 


Read 


1 


1 





Data to Memory 


Write 


1 


1 


1 


Hi-Impedance 


Reading, but not 
Driving Data Bus 



HDh 



TRAP 

RST7.5 

RST6,5 

RST5,5 

INTR 

TNTA 



8085A 



HOLD 

HLDA 

SOD 

SID 



RESET - 

ADDR/ OUT 5 

ADDR DATA ALE RD WR IO/M RDY CLK 




\7 V 7 



4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 



NOTE: 

X: Don't Care. 



Figure 3. 18185 in an MCS-85® System 
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8088 FIVE CHIP SYSTEM 

Figure 4 shows a five chip system containing: 

• 1.25 KBytes RAM 

• 2 K Bytes ROM 

• 38 I/O Pins 

• 1 Interval Time 

• 2 Interrupt Levels 






GND 
(Vss) 




& 



X. 
CLK 



RESET 
RDY1 



AD -AD 7 



8088 
READY 

MN/MX 



ALE 



F © 



WR 
IO/M 






/\ 



c 



c 



< 



V V 7 



Vss v c , 



v 



PORT 
DATA/ C 

ADDR 

IN 
IO/M TIMER 
Dc ccr OUT 






— - CE 

Aa 8 , 

v 



oc> 



8355/8755A 



-\ DATA/ 

V 



ADDR 

IO/M PORT 
B 
RESET 

READY 

iOR 



oc> 



MIL 






81 
ALE 

CS, 

CE 2 

A 8 , A 9 



AD, 



'0-7 



TT 

V ss Vcc 



Figure 4. 8088 Five Chip System Configuration 

9-52 



iny 



18185 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating condtions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = o°c to 70°c, Vcc = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loi_=1-6mA 


Voh 


Output High Voltage 


2.4 






lOH = 400juA 


IlL 


Input Leakage 




±10 


MA 


Vin = Vcc to 0V 


lLO 


Output Leakage Current 




±10 


ma 


0.45V < Vout < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




125 


mA 






40 


mA 





A.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc =5V±5%) 






Symbol 


Parameter 111 


8185 
Preliminary 


Units 


Min. 


Max. 


tAL 


Address to Latch Set Up Time 


50 




ns 


tLA 


Address Hold Time after Latch 


80 




ns 


t|_C 


Latch to READ/WRITE Control 


100 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 


ns 


tLD 


ALE to Data Out Valid 




300 


ns 


tLL 


Latch Enable Width 


100 




ns 


*RDF 


Data Bus Float after READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




ns 


*cc 


READ/WRITE Control Width 


250 




ns 


*DW 


Data In to Write Set Up Time 


150 




ns 


*WD 


Data In Hold Time after WRITE 


20 




ns 


*sc 


Chip Select Set Up to Control Line 


10 




ns 


*CS 


Chip Select Hold Time after Control 


10 




ns 


Ulce 


Chip Enable Set Up to ALE Falling 


30 




ns 


t|_ACE 


Chip Enable Hold Time after ALE 


50 




ns 



NOTES: 

1. All A.C. parameters are referenced at 

a) 2.4V and .45V for inputs 

b) 2.0V and .8V for outputs. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



I 



C L = 100pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



(CE^OW 
(CE 2 = 1) 



AD -AD 7 
(Ag,A 9 ) 



/ 



X 



x r 



x 



/ 



XM^EEKXZX 



XEEDOC 



WRITE DATA 



JT 



W 



X 



/ t 



\ 



X / 



(READ CYCLE) 



(WRITE CYCLE) 



X 



(DESELECTED) 
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18212 
8-BIT INPUT/OUTPUT PORT 

INDUSTRIAL 



Fully Parallel 8-Bit Data Register and Buffer 

Service Request Flip-Flop for 
Interrupt Generation 

Low Input Load Current — .25mA Max 

Three State Outputs 

Outputs Sink 15 mA 



■ 3.65V Output High Voltage for Direct 
Interface to ID8085A CPU 

■ Asynchronous Register Clear 

■ Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 



■ Industrial Temperature Range: 
-40°C to +85°C 

The 18212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selec- 
tion logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

Note: The specifications for the 3212 are identical with those for the 8212. 



SERVICE REQUEST FF 
\ 



1 _1 %^ iACTIVE L~ 




i i i 

Figure 1. Logic Diagram 



Ds iC 


1 


24 


MDL 


2 


23 


D,1 b 


3 


22 


do iC 


4 


21 


D i 2 r 


5 


20 


D0 2 L 

D, 3 C 


6 19 
18212 

7 18 


Do 3 r 


8 


17 


Di 4 r 


9 


16 


DOT 


10 


15 


STB L 


11 


14 


GND L 


12 


13 



Vcc 

INT 

Dl 8 
D0 8 
Dl 7 
D0 7 

D, 6 
D0 6 
Dl 5 
DO5 
CLR 
DS, 



Dh Die 


DATA IN 


DCh D0 8 


DATA OUT 


D5iDS 2 


DEVICE SELECT 


MD 


MODE 


STB 


STROBE 


INT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias Plastic - 40°C to 85°C 

Storage Temperature -65° C to +1 60° C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages ..... ? -1 .0 to 5.5 Volts 

Output Currents 100mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°c to 85°c, v C c = +5V ±5%) 








Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Load Current, ACK, DS2, CR, 
DI1-DI8 Inputs 






-.25 


mA 


Vf = .45V 


If 


Input Load Current MD Input 






-.75 


mA 


Vf = .45V 


If 


Input Load Current DS1 Input 






-1.0 


mA 


Vf = .45V 


Ir 


Input Leakage Current, ACK, DS, CR, 
DH-DI8 Inputs 






10 


MA 


Vr < Vcc 


Ir 


Input Leakage Current MO Input 






30 


M A 


Vr < Vcc 


Ir 


inpLii i_S8K3gs v^urreni uoi nipui 






40 


mA 


Vr < Vcc 


Vc 


Input Forward Voltage Clamp 






-1 


V 


lc = -5mA 


Vil 


Input "Low" Voltage 






0.85 


V 




VlH 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






0.45 


V 


Iol = 15mA 


Voh 


Output "High" Voltage 


3.65 


4.0 




V 


Ioh = -1mA 


Isc 


Short Circuit Output Current 


-15 




-75 


mA 


Vo = 0V, Vcc = 5V 


Hoi 


Output Leakage Current High 
Impedance State 






-20 
20 


/xA 
/xA 


V = .45V 
V = 5.25V 


ice 


Power Supply Current 




90 


130 


mA 





CAPACITANCE* (F = 1 MHz, V B |AS = 2.5V, V C c = +5V, Ta =25°C) 



Symbol 


iest 


Limits 


Typ. 


Max. 


ClN 


DS1 MD Input Capacitance 


9pF 


15 pF 


ClN 


DS2, CK, ACK, Dh-Dls 
Input Capacitance 


5pF 


10 pF 


Corn- 


DO1-DO8 Output Capacitance 


8pF 


15 pF 



*This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = +5V ±5%) 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Mln. 


Typ. 


Max. 


tPW 


Pulse Width 


30 






ns 




tPD 


Data to Output Delay 






30 


ns 


Note 1 


tWE 


Write Enable to Output Delay 






40 


ns 


Note 1 


tSET 


Data Set Up Time 


15 






ns 




tH 


Data Hold Time 


20 






ns 




tR 


Reset to Output Delay 






40 


ns 


Note 1 


ts 


Set to Output Delay 






30 


ns 


Notel 


tE 


Output Enable/Disable Time 






45 


ns 


Note 1 


tc 


Clear to Output Delay 






55 


ns 


Note 1 



SWITCHING CHARACTERISTICS 

Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between 1V and 2V Measurements made at 1.5V 

with 15mA and 30pF Test Load 

Note 1: 



A.C. TESTING LOAD CIRCUIT 



Test 


c L * 


Ri 


R 2 


tPD, tWE, tR, ts, tc 


30pF 


3oon 


600O 


tE, ENABLEt 


30pF 


10Kfl 


iko 


te, ENABLE 1 


30pF 


3oon 


600O 


tE, DISABLE! 


5pF 


3oon 


60on 


tE, DISABLE! 


5pF 


i0Kn 


ikh 



DEVICE 
UNDER 
TEST 




c L includes jig capacitance 



'Includes probe and jig capacitance. 
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I8216/I8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

INDUSTRIAL 



■ Data Bus Buffer Driver 

■ Low Input Load Current — .25 mA 
Maximum 

■ High Output Drive Capability for 
Driving System Data Bus 



3.65V Output High Voltage 

Three State Outputs 

Reduces System Package Count 

Industrial Temperature Range: 
-40° to +85°C 



The 1821 6/18226 is a 4-bit bidirectional bus driver/ receiver. 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Von, and for high 
capacitance terminated bus structures, the DB outputs provide a high 50mA Iql capability. 

A non-inverting (18216) and an inverting (18226) are available to meet a wide variety of applications for buffering in 
microcomputer systems. 



DI O- 



Dl, O- 



DO, o__ 



D0 3 0- 



h5= 



4S= 



-4- 

M 



-O DB 



-O DB 3 



DO, o- 



D0 2 0- 



:=*. 



-t£ 



-*■ 



^ 



&- 



^ 



^: 



■^ 



{Lj} 



-O DB 



-O DB 2 



-O DB 3 



CS[ 
OOof 



0, oLZ 

°°i lz 

-O DB, OB, I 



18216/ 
18226 



_J 


Vcc 


ZJ 


dTen 


Zl 


do 3 


=3 


DB 3 


=] 


D, 3 


=1 


D0 2 


Zl 


DB 2 


Zl 


Dl 2 



DB DB 3 


DATA BUS 
BIDIRECTIONAL 


DloDI 3 


DATA INPUT 


DO DO 3 


DATA OUTPUT 


DIEN 


DATA IN ENABLE 
DIRECTION CONTROL 


s 


CHIP SELECT 



Figure 1. Logic Diagrams 



Figure 2. Pin 
Configuration 
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1821 6/18226 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -40°Cto85°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to +5.5V 

Output Currents 125 mA 



* NOTICE; Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (t a = -40 o cto85°c, v cc = +5V ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ. 


Max. 


»F1 


Input Load Current DIEN, CS 




-0.15 


-.5 


mA 


V F =0.45 


«F2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


V F =0.45 


IR1 


Input Leakage Current DIEN, CS 






20 


MA 


V R = 5.25V 


•r2 


Input Leakage Current Dl Inputs 






10 


/iA 


V R = 5.25V 


v c 


Input Forward Voltage Clamp 






-1 


V 


lc = -5mA 


V|L 


Input "Low" Voltage 






.95 


V 




V,H 


Input "High" Voltage 


2.0 






V 




Hot 


Output Leakage Current DO 
(3-State) DB 






20 
100 


/iA 


V = 0.45V/5.25V 


! CC 


8216 




95 


130 


mA 




Power Supply Current 

8226 




85 


120 


mA 




VOL1 


Output "Low" Voltage 
DO, DB Outputs 




0.3 


.45 


V 


DO Outputs l L = 15mA 
DB Outputs l L=25mA 


V L2 


8216 




0.5 


.6 


V 


DB Outputs I l= 50mA 


Output Low Voltage 

DB Outputs Only 8226 




0.5 


.6 


V 


DB Outputs l L=45mA 


V OH1 


Output "High" Voltage DO Outputs 


3.65 


4.0 




V 


DO Outputs Iqh = -1mA 


VOH2 


Output "High" Voltage DB Outputs 


2.4 


3.0 




V 


DB Outputs Iqh = -10mA 


! OS 


Output Short Circuit Current 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs V s= 0V, 
DB Outputs V CC =5.0V 



NOTE: Typical values are for T& = 25° C, Vqc = 5.0V. 



CAPACITANCE (V B | A s = 2.5V, v cc = 5.0V, t a = 25°C) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.lH 


Max. 


C|N 


Input Capacitance 




4 


8 


pF 


C OUT1 


Output Capacitance 




6 


10 


pF 


C OUT2 


Output Capacitance 




13 


20 


pF 
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A.C. CHARACTERISTICS (T A = -40°C to 85°C, V C c = +5V ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.MI 


Max. 


T"PD1 


Input to Output Delay DO Outputs 




15 


25 


ns 


C L =30pF,R 1 =300fi 
R 2 =60012 


T"PD2 


Input to Output Delay DB Outputs 
8216 




20 


30 


ns 


C L =300pF, R^Oft 
R 2 = 18012 


8226 




16 


25 


ns 


T E 


Output Enable Time 

8216 




45 


65 


ns 


(Note 2) 


8226 




36 


54 


ns 


(Note 2) 


t d 


Output Disable Time 




20 


35 


ns 


(Note 2) 



NOTES: 

1 . Typical values are for T A = 25°C, Vqc = 5.0V. 



TEST 


C L 


R 1 


R 2 




30 pF 


300Si 


600S! 


T PD2 


300 dF 


90S! 


180S! 


T E , (DO, ENABLE') 


30 pF 


10KS! 


1KS! 


T E ,(DO, ENABLEI) 


30 pF 


300S! 


600S! 


T E ,(DB. ENABLE!) 


300 pF 


10KS! 


1KS! 


T £ , (DB, ENABLEI) 


300 pF 


90S! 


180«! 


T D ,(DO. DISABLE!) 


5pF 


3001! 


600!! 


T D , (DO. DISABLEI) 


5pF 


10KS! 


1KS! 


T D , (DB, DISABLE!) 


5pF 


90S! 


180S2 


T D , (DB. DISABLEI) 


5pF 


10KSi 


1KS! 



TEST CONDITIONS: 



A.C. TESTING LOAD CIRCUIT 



Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



DEVICE 
UNDER 
TEST 



1 



C L INCLUDES JIG CAPACITANCE 
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MCS-48® INPUT/OUTPUT EXPANDER 



-40°C to +85°C Operation 

Low Cost 

Simple Interface to MCS-48® 

Microcomputers 

Four 4-Bit I/O Ports 

AND and OR Directly to Ports 



24-Pin DIP 

Single 5V Supply 

High Output Drive 

Direct Extension of Resident 8048 I/O 
Ports 



The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O 
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 
combines low cost, single supply voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to 
the MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O 
expansion, and also allows multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 



O 



><x> 



ADDRESS 
DECODER 



^> 



INSTRUC. 
DECODER 



rP 



^v> 



INPUT 
BUFFER 



a 



p 



RESET 
CIRCUIT 



> 



4 > PORT 5 




4 > PORT 6 



P 



INPUT 
BUFFER 



P 



4 > PORT 7 



a 




Figure?. 8243 
Pin Configuration 



Figure 1. 8243 
Block Diagram 
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Table 1. Pin Description 


Symbol 


Pin No. 


Function 


PROG 


7 


Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23, and a low to high transi- 
tion signifies that data is available 
on P20-P23, 


CS 


6 


Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 


P20-P23 


11-8 


Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 
sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if "a read operation. 


GND 


12 


volt supply. 


P40-P43 


2-5 


Four (4) bit bi-directional I/O ports. 


P50-P53 


1, 23-21 


May be programmed to be input 


P60-P63 


20-17 


(during read), low impedance 


P70-P73 


13-16 


latched output (after write), oratri- 
state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 


vcc 


24 


+5 volt supply. 



FUNCTIONAL DESCRIPTION 
General Operation 

The 8243 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as ports 4-7. The following operations may 
be performed on these ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/8748/ 
8035. 



Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power on sequence is 
initiated if VCC drops below IV. 



Address 
P21 P20 Code 


P23 


P22 


Instruction 
Code 


Port 4 

1 Port 5 

1 Port 6 
11 Port 7 





1 
1 




1 


1 


Read 
Write 
ORLD 
ANLD 


Write Modes 









The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes it to the port. Operation code and port ad- 
dress are latched from the input port 2 on the high 
to low transition of the PROG pin. Onthelowtohigh 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 
After the logic manipulation is performed, the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code 
and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina- 
ted by a low to high transition of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped- 
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



* NOT ICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS t a = -40°Cto +85°C, v cc = 


5V±10% 








Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test 
Conditions 


VIL 


Input Low Voltage 


-0.5 




0.8 


V 




VIH 


Input High Voltage 


2.0 




VCC+0.5 


V 




VOL1 


Output Low Voltage Ports 4-7 






0.45 


V 


IOL = 4.5 mA* 


VOL2 


Output Low Voltage Port 7 






1 


V 


IOL = 20 mA 


VOH1 


Output High Voltage Ports 4-7 


2.4 






V 


IOH = 240/xA 


IIL1 


Input Leakage Ports 4-7 


-10 




20 


MA 


Vin = VCC to OV 


ML2 


Input Leakage Port 2, CS, PROG 


-10 




10 


mA 


Vin = VcCtoOV 


VOL3 


Output Low Voltage Port 2 






.45 


V 


IOL = 0.6 mA 


ICC 


VCC Supply Current 




10 


20 


mA 




VOH2 


Output Voltage Port 2 


2.4 








IOH = 100/uA 


IOL 


Sum of all IqL from 16 Outputs 






80 


mA 


4.5 mA Each Pin 



*See following graph for additional sink current capability 



A.C. CHARACTERISTICS T A = -40°Cto +85°C, v cc = 


= 5V±10% 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tA 


Code Valid Before PROG 


100 




ns 


80 pF Load 


tB 


Code Valid After PROG 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


tD 


Data Valid After PROG 


20 




ns 


20 pF Load 


tH 


Floating After PROG 





150 


ns 


20 pF Load 


tK 


PROG Negative Pulse Width 


700 




ns 




tcs 


CS Valid Before/ After PROG 


50 




ns 




tPO 


Ports 4-7 Valid After PROG 




700 


ns 


100 pF Load 


tLP1 


Ports 4-7 Valid Before/ After PROG 


100 




ns 




tACC 


Port 2 Valid After PROG 




650 


ns 


80 pF Load 




TEST POINTS 
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WAVEFORMS 





















PROG 
PORT 2 
PORT 2 


> 


\ 


L \ 








«c '" 


-*t B *- 




-*— t c — ^ 


V V 

Y INSTRUCTION V FLOAT 


X 


DATA 


X "- 




t 










— 


«H 1—- 




_x 


OUTPUT 
VALID 


X 




«« t P0 ^. 




PORTS 4-7 


PREVIOUS OUTPUT VALID 


\Y OUTPUT 

/V VALID 




A «ip 


— -~ 


»ip 




PORTS 4-7 


X 


INPUT VALID 


X 




"* t CS"*' 




-*»cs 


/ 

J 




CS 


\ 
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125 












100 










< 
E 












p 












•i, 


75 










H 
Z 
Ul 

c 












AC 
3 






GUARANTEED WORST CASE >^ 






o 






CURRENT SINKING CAPABILITIES >^ 






z 






OF ANY I/O PORT PIN v». TOTAL >. 






55 


50 




SINK CURRENT OF ALL PINS ^V 






2 
o 


25 


I 


I I I I I I I I I 


I 






1 


2 3 4 5 6 7 8 9 10 11 12 13 






MAXIMUM SINK CURRENT ON ANY PIN @ .45V 








MAXIMUM lOL WORST CASE PIN (mA) 





Figure 3 



Sink Capability 



The 8243 can sink 5 mA @ .45V on each of its 1 6 I/O 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line 
increases as is shown by the accompanying curve. 

For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are to sink 9 mA the total lOL must not 
exceed 45 mA or five 9 mA loads). 



Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 



An 8243 will drive the following loads simul- 
taneously. 



2 loads— 20 mA @ 1V (port 7 only) 

8 loads— 4 mA @ .45V 

6 loads— 3.2 mA @. 45V 

Is this within the specified limits? 



Example: How many pins can drive 5 TTL loads (1 .6 mA) 
assuming remaining pins are unloaded? 

lOL = 5x 1.6 mA = 8 mA 
elOL = 60 mA from curve 
# pins = 60 mA -s- 8 mA/pin = 7.5 = 7 



elOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 
From the curve: for lOL = 4 mA, elOL *** 93 mA. 
since 91.2 mA < 93 mA the loads are within 
specified limits. 



In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 



Although the 20 mA @ 1V loads are used in 
calculating elOL it is the largest current re- 
quired @ .45V which determines the maximum 
allowable elOL- 



NOTE: A10 to 50KG pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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1 TEST 
J INPUTS 



£L 



< 



> 



< 



< 



3 V- 



'C 



> 
> 
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Figure 4. Expander Interface 



PROG 
P20-P23 






BITS 3,2 

00 H READ 

01 1 WRITE 

10 \ OR 

11 J AND 


BITS 1,0 

00 ~| 

01 ! PORT 

10 | ADDRESS 

11 J 


\ 


/ 


-x X 

ADDRESS (4-BITS) 


> 

DATA (4-BITS) 



Figure 5. Output Expander Timing 



c 






PROG P20-3 

7T 



pO 



Z\ 



po 
co> 

KO 



PROG P20-3 



7> 



KO 



7? 



CO 
CO 
CO 
KO 



Figure 6. Using Multiple 8243's 



9-66 



AFN-00861A-06 



mtgl 18251 A A®WMl©I DKHF^BflATTOM 

PROGRAMMABLE COMMUNICATION INTERFACE 



Synchronous and Asynchronous 
Operation 



INDUSTRIAL 

■ Asynchronous Baud Rate — DC to 
19.2K Baud 



■ Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 

■ Asynchronous 5-8 Bit Characters; 
Clock Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 1 /2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 

■ Synchronous Baud Rate — DC to 64K 
Baud 

■ Industrial Temperature Range: 
-40°C to +85°C 

The Intel® 8251 A Is the enhanced version of the Industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251 A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 



■ Full Duplex, Double Buffered, Trans- 
mitter and Receiver 

■ Error Detection — Parity, Overrun and 
Framing 

■ Fully Compatible with 8080/8085 CPU 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 
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DATA 

BUS 

BUFFER 



RESET_ 
CLK_ 
C/D_ 
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RECEIVE 
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Figure 1. Block Diagram 



Figure 2„ Pin Configuration 
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FEATURES AND ENHANCEMENTS 

8251 A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251 A. 

The 8251 A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 

• 8251 A has double-buffered data paths with 
separate I/O registers for control, status, 
Data in, and Data Out, which considerably 

SiiTipiiiicS COntrOi programming Snu mini- 
mizes CPU overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 



• Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 

• When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As_ longjw the 8251 A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

• The 8251 A Status can be read at any time 
but the status update will be inhibited during 
status read. 

• The 8251 A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Synchronous Baud rate from DC to 64K. 

• Fully compatible with Intel's new industry 
standard, the MCS-85. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -40°Cto +85°C 

Storage Temperatura -65°C to+150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -4o°c to 85°c, v cc = 5.ov ±5%, gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 


v C c 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


I O h=-400mA 


'OFL 


Output Float Leakage 




±10 


//A 


V UT = V C c TO 0.45V 


■■L 


Input Leakage 




±10 


MA 


Vin = V C c TO 0.45V 


•cc 


Power Supply Current 




150 


mA 


All Outputs = High 



CAPACITANCE (T A = 25°c, v C c = gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 




10 


pF 


fc=1MHz 


C|/0 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to GND 



A.C. CHARACTERISTICS (t a = -40°c to 85°c, v cc = 5.ov ±5%, gnd = ov) 
Bus Parameters (Note 1) 

READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAR 


Address Stable Before READ (CS, C/D) 


75 




ns 


Note 2 


tRA 




75 




ns 


Note 2 


Address Hold Time for READ (CS, C/D) 


*RR 


READ Pulse Width 


300 




ns 




tRD 


Data Delay from READ 




280 


ns 


3, C L =150pF 


tDF 


READ to Data Floating 


5 


120 


ns 
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A.C. CHARACTERISTICS (Continued) 



WRITE CYCLE 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


tAW 


Address Stable Before WRITE 


75 




ns 




*WA 


Address Hold Time for WRITE 


75 




ns 




t WW 


WRITE 'Pulse Width 


300 




ns 




*DW 


Data Set Up Time for WRITE 


200 




ns 




tWD 


Data Hold Time for WRITE 


80 




ns 




tRV 


Recovery Time Between WRITES 


6 




*CY 


Note 4 



OTHER TIMINGS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcY 


Clock Period 


320 


1350 


ns 


Notes 5, 6 


t0 


Clock High Pulse Width 


150 


tCY-100 


ns 




t$ 


Clock Low Pulse Width 


100 




ns 




+£3 t- 

-R» «-r 


Clock Rise and Fall Time 




20 


ns 




*DTx 


TxD Delay from Falling Edge of TxC 




1 


/xs 




hx 


Transmitter Input Clock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




*TPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and64x Baud Rate 


12 
1 




tcY 
*CY 




*TPD 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16xand64x Baud Rate 


15 
3 




*CY 
tCY 




f Rx 


Receiver Input Clock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tRPW 


Receiver Input Clock Pulse Width 
1x Baud Rate 
16xand 64x Baud Rate 


12 
1 




tCY 
tCY 




tRPD 


Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


15 
3 




tCY 
tCY 




tTxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


*CY 


Note 7 


tTxRDY CLEAR 


TxRDY I from Leading Edge of WR 




6 


*CY 


Note 7 


tRxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tCY 


Note 7 


tR x RDY CLEAR 


RxRDY I from Leading Edge of RD 




6 


^Y 


Note 7 


tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tCY 


Note 7 


tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 


16 




*CY 


Note 7 


tTxEMPTY 


TxEMPTY Delay from Center of Last Bit 


20 




tCY 


Note 7 
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A.C. CHARACTERISTICS (Continued) 
OTHER TIMINGS (Continued) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn,DTR, RTS) 


8 




tCY 


Note? 


*CR 


Control to READ Set-Up Time (DSR, CTS) 


20 




*CY 


Note 7 



NOTES: 

1. AC timings measured Vqh = 2.0, Vol = 0.8, and with load circuit. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rpl- 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY 
Asynchronous Mode is 8 tcy and for synchronous Mode is 16 t^y. 

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1 x Baud Rate, f Tx or f Rx 
64x Baud Rate, fj x or f r x «s 1 /(45 toy). 

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 



1. Recovery Time between Writes for 



M/(30t C y);For16xand 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^~ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



I 



V L = 2V 
R L = 420n 



:± C L = 150pF 



d. INCLUDES JIG CAPACITANCE 




Typical A Output Delay vs. A Capacitance (pF) 
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18253 
PROGRAMMABLE INTERVAL TIMER 

INDUSTRIAL 



3 Independent 16-Bit Counters 



■ Count Binary or BCD 



Industrial Temperature Range: 
-40°Cto+85°C 



■ Programmable Counter Modes 



■ Single + 5V Supply 

■ 24-Pin Dual In-Line Package 



The Intel® 18253 Is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single - 5V supply and is packaged in a 24-pin DIP. 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 



,,00<VJ) 



DATA 
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BUFFER 
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WM- 



oo 



READ/ 
WRITE 
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CONTROL 

WORD 
REGISTER 



6 



£ 
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GATEOC 
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UVcc 

Dwr 

Drd 

Dc§ 

3*1 

Ha 

DCLK2 
DOUT2 
DGATE 2 
DCLK 1 
iGATE 1 
DOUT 1 



D7D0 


DATA BUS (8 BIT) 


CLKN 


COUNTER CLOCK INPUTS 


GATE N 


COUNTER GATE INPUTS 


OUT N 


COUNTER OUTPUTS 


RD 


READ COUNTER 


WR 


WRITE COMMAND OR DATA 


CS 


CHIP SELECT 


A A, 


COUNTER SELECT 


v cc 


♦5 VOLTS 


GND 


GROUND 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°Cto+l50°C 

Voltage On Any Pin 

With Respect to Ground -0.5 V to +7 V 

Power Dissipation 1 Watt 



""NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc = 


5V±10%) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 




V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1.6 mA 


Vqh 


Output High Voltage 


2.4 




V 


Ioh = -150juA 


IlL 


Input Load Current 




±20 


HA 


V| N = v cc to OV 


'OFL 


Output Float Leakage 




±20 


/iA 


Vqut = V C c to 0V 


•cc 


Vcc Supply Current 




160 


mA 





CAPACITANCE (t a =25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


TVp. 


Max. 


Units 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1 MHz 


C l/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to V$s 



NOTES: 

1 . The 18253 will operate as a 8253-5 from 0°C to 70°C. 



A.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc = s.ov ±10%, gnd = ov) 
Bus Parameters (Note 1) 



READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AR 


Address Stable Before READ 


50 




ns 


*RA 


Address Hold Time for READ 


5 




ns 


tRR 


READ Pulse Width 


400 




ns 


*RD 


DATA Delay from READ U) 




300 


ns 


tDF 


READ to Data Floating 


25 


125 


ns 


*RV 




1 




MS 


Recovery Time Between READ 
and Any Other Control Signal 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



NOTES: 

1 . AC timings measured at Vqh = 

2. Test Conditions: C|_ = 100pF. 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AW 


Address Stable Before WRITE 


50 




ns 


tWA 


Address Hold Time for WRITE 


30 




ns 


tyvw 




400 




ns 


WR-ITE Pulse Width 


*DW 


Data Set Up Time for WRITE 


300 




ns 


*WD 




40 




ns 


Data Hold Time for WRITE 


tRV 


Recovery Time Between WRITE 
and Any Other Control Signal 


1 




JUS 


CLOCK AND GATE TIMING 


Symbol 


Parameter 


Min. 


Max. 


Units 


tCLK 


Clock Period 


380 


dc 


ns 


tpWH 


High Pulse Width 


230 




ns 


tPWL 


Low Pulse Width 


150 




ns 


*GW 


Gate Width High 


150 




ns 


tGL 


Gate Width Low 


100 




ns 


tGS 


Gate Set Up Time to CLKt 


100 




ns 


tGH 


Gate Hold Time After CLKt 


50 




ns 


tOD 


Output Delay From CLKI [2] 




400 


ns 


tQDG 


Output Delay From Gatel^ 




300 


ns 



2.2, V 0L = 0.8. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC 1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



^C L = 100pF 



C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



CLK I 


"* t PWH*' 


- ■ 1 


/ 


'- t CL K » 


l GS *"! 


/ 


\ 


l GS ~ 


i 


L 


1 


- 7 


— ^H 


GATEG / 
*GH 


v A ■ 




/ 


"* " 'gl *" 




OUTPUT V^ 


* 










L- tQDG ■" 





WRITE 

, j 


I 


Ao-1.CS ^ 




'_ 


X- 


"• 'aw 


— 


— 


«WA 






DATA BUS jjj 


L 






< 






'dw ■" 

u 


■" — 'WD~* 


WR 





READ 



3: 



rj-r 



:c 



DATA BUS HIGH IMPEDANCE 



HIGH IMPEDANCE 
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I8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 

INDUSTRIAL 



m Industrial Temperature Range: 
-40°Cto+85°C 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 



■ 24 Programmable I/O Pins 

■ Completely TTL Compatible 

■ Improved Timing Characteristics 



■ 40-Pin Dual In-line Package 

■ Reduces System Package Count 

■ Improved DC Driving Capability 



The Intel® I8255A is a general purpose programmable I/O device designed for use with Intel microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1 , the second mode, 
each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for handshaking and 
interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 lines for a 
bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 
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* 



<f 



y 



GROUP A 
PORTC 
UPPER 



A K 'ST.' A 

N V l T R V 
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WR 
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RESET 
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D, 


3 


°2 


3 


D 3 


3 


D 4 


3 


Ds 


3o 6 


3 


°7 


3 


v cc 


3 


PB7 


3 


PB6 


3 


PB5 


3 


PB4 


3 


PB3 



D 7 -O 


DATA BUS (BI-DIRECTIONAL) 


RESET 


RESET INPUT 


<3 


CHIP SELECT 


rB 


READ INPUT 


WR 


WRITE INPUT 


A0.A1 


PORT ADDRESS 


PA7PA0 


PORT A (BIT) 


'PB7PBO 


PORT B (BIT) 


PC7-PC0 


PORT C (BIT) 


Vcc 


♦5 VOLTS 


GND 


9 VOLTS 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +150°C 

Voitage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°cto +85°c, v C c = +5V ±5%, gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.2 


v C c 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


Iol = 2.5mA 


Vol(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


Iol = 1.7mA 


v oh (db) 


Output High Voltage (Data Bus) 


2.4 




V 


Ioh = -400)LiA 


Voh(PER) 


Output High Voltage (Peripheral Port) 


2.4 




V 


Ioh = -200mA 


i dar ih 


Darlington Drive Current 


-1.0 


-4.0 


mA 


R E xt = 75012; V EX t= L5V 


•cc 


Power Supply Current 




120 


mA 




IlL 


Input Load Current 




±10 


MA 


V| N = V C c to 0V 


'OFL 


Output Float Leakage 




±10 


ma 


Vqut = V CC to0V 



NOTE: 

1. The I8255A will 



operate as an 8255A-5 from 0°C to 70°C. 



CAPACITANCE (T A = 25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C IN 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND 



A.C. CHARACTERISTICS (t a = -40°cto +85°c, v C c = +5V ±5%, gnd = ov) 
Bus Parameters 

READ ra 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AR 


Address Stable Before READ 







ns 


l RA 


Address Stable After READ 







ns 


*RR 


READ Pulse Width 


300 




ns 


*RD 


Data Valid From READ [2] 




250 


ns 


t D F 


Data Float After READ 


10 


150 


ns 


t RV 


Time Between READs and/or WRITEs 


850 




ns 
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A.C. CHARACTERISTICS (Continued) 

WRITE 



NOTES: 

1. Available on any 8 pins from Port B and C. 

2. Test Conditions: 8255A: C L = 100pF; 8255A-5: C L = 150pF. 

Period of Reset pulse must be at least 50/jls during or after power on. Subsequent Reset pulse can be 500 ns min. 

3. C L = 100 pF. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^~ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



t: 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AW 


Address Stable Before WRITE 







ns 


^A 


Address Stable After WRITE 


20 




ns 


t WW 


WRITE Pulse Width 


400 




ns 


X D\N 


Data Valid to WRITE (T.E.) 


100 




ns 


X \ND 


Data Valid After WRITE 


30 




ns 


OTHER TIMINGS |31 


Symbol 


Parameter 


Min. 


Max. 


Unit 


X \NB 


WR= 1 to Output 121 




350 


ns 


t|R 


Peripheral Data Before RD 







ns 


X HR 


Peripheral Data After RD 







ns 


*AK 


ACK Pulse Width 


300 




ns 


Vr 


STB Pulse Width 


500 




ns 


tps 


Per. Data Before T.E. of STB 







ns 


Vh 


Per. Data After T. E. of STB 


180 




ns 


*AD 


ACK = to Output [21 




300 


ns 


*KD 


ACK= 1 to Output Float 


20 


250 


ns 


twOB 


WR = 1 to OBF = 0121 




650 


ns 


Wb 


ACK = to OBJ = 1 [21 




350 


ns 


^IB 


STB = to IBF = 1 [21 




300 


ns 


^IB 


RD= 1 to IBF = fJ[2] 




300 


ns 


tRIT 


RD = 0to INTR = 0£2] 




400 


ns 


^IT 


STB= 1 to INTR = 1»] 




300 


ns 


l AIT 


ACK=1 tolNTR = 1 [21 




350 


ns 


twiT 


WR=0to INTR = 0f21 




850 


ns 



*V EXT IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE 
THE SPECIFICATION. 
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WAVEFORMS 



MODE (BASIC INPUT) 










RD 


"* t IR *" 
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■+ ^R *■ 
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\ 


u / u u — — - 
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*Dh 
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r i 


/ 
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* DW 
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X 


















OUTPUT 


X 


' 
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WAVEFORMS (Continued) 



MODE 1 (STROBED INPUT) 



\ 



/ 



INPUT FROM 
PERIPHERAL 



—< 



JT 



— 'r.T—A 



\ 



\ 



F 



j. 



MODE 1 (STROBED OUTPUT) 

WR \ 



M 



M 



X 



_t WB 




'^-J 



z 
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WAVEFORMS (Continued) 



MODE 2 (BIDIRECTIONAL) 



PERIPHERAL 
BUS 



DATA FROM 
' 8080 TO 8255 



\ /f= 



f 



A 



U-7 



v_v 



i 



>- 



DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



1 



-£—y— -4— 



u 



DATA FROM 
8255 TO 8080 



NOTE: Any sequence where WR occurs before ACK and ST B occu rs before RD is permissible. 
(INTR = IBF • MASK • STB • RD + OBF • MASK • ACK • WR ) 




READ 



a °-i- cs ZZXI 



^RR-^j-J 



x 



"♦^RDh*- -^bF^ 



VALID JHIGH IMPEDANCE 
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I8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

INDUSTRIAL 



iAPX 86 Compatible 
MCS-80®, 85® Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ Industrial Temperature Range: 
-40°Cto +85°C 



The Intel® I8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The I8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 
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DATA BUS (BI-DIRECTIONAL) 
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WRITE INPUT 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


28 




Voltage: +5V supply. 


GND 


14 




Ground: Ground. 


D -7 


11-4 


I/O 


Data Bus: Bidirectional data bus, used for: a) programming the mode of the 8259A (pro- 
gramming is done by software); b) the microprocessor can read the status of the 8259A; 
c) the 8259A will send vectoring data to the microprocessor when an interrupt is 
acknowledged. 


IRo-7 


18-25 


I 


Interrupt Requests: These are asynchronous inputs. A positive-going edge will generate an 
interrupt request. Thus a request can be generated by raising the line and holding it high 
until acknowledged, or by a negative pulse. In level triggered mode, no edge is required. 
These lines are active HIGH. 


RD 


3 


I 


Read: (generally from 8228 in MCS-80 system or from 8086 in MCS-86 system). 


WR 


2 


I 


Write: (generally from 8288 in MCS-80 system or from 8086 in MCS-86 system). 


Inta 


26 


I 


Interrupt Acknowledge: (generally from 8228 in MCS-80 system, 8086 in MCS-86 system). 
The 8288 generates three distinct INTA pulses whan a CALL is inserted, the 8086 produces 
two distinct INTA pulses during an interrupt cycle. 


CS 


1 


I 


Chip Select: RD and WR are enabled by Chip Select, whereas Interrupt Acknowledge is 
independent of Chip Select. 


AO 


27 


I 


Address: Usually the least significant bit of the microprocessor address output. When 
A0= 1 the Interrupt Mask Register can be loaded or read. When A0=0 the 8259A mode can be 
programmed or its status can be read. CS is active LOW. 


INT 


17 





Interrupt: Goes directly to the microprocessor interrupt input. This output will have high 
Vqh to match the 8080 3.3V V m . INT is active HIGH. 


C0-C2 


12 


I/O 
13 
15 


Cascade Lines: Three cascade lines, outputs in master mode and inputs in slave. Mode 
The master issues the binary code of the acknowledged interrupt level on these lines. 
Each slave compares this code with its own. 


SP/EN 


16 


I/O 


SP/EN: A dual function pin. In the buffered mode SP/EN is used to enable bus transceivers 
(EN). In the non-buffered mode SP/EN determines if this 8259A is a master or a slave. If SP= 1 
the 8259A is master; SP=0 indicates a slave. 
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ABSOLUTE MAXIMUM RATINGS* . W0 „ C£; S(resses above those , /sfe , under „ Absolute 

Ambient Temperature Under Bias ..... -40° C to 85° C Maximum Ratings" may cause permanent damage to the 

Storage Temperature - 65 °C to + 150°C device. This is a stress rating only and functional opera- 

Voltage On Any Pin tion of the device at these or any other conditions above 

With Respect to Ground - 0.5V to + 7V those indicated in the operational sections of this specifi- 

Power Dissipation 1 Watt cation is not implied. 



D.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-.5 


.8 


V 




V| H 


Input High Voltage 


2.3 


V CC +-5V 


V 




Vol 


Output Low Voltage 




.45 


V 


•ol= 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


l 0H = -400 M A 


V OH(INT) 


Interrupt Output High 
Voltage 


3.5 
2.4 




V 
V 


l 0H = -100 M A 
l 0H = -400 M A 


Ili 


Input Load Current 




10 


ma 


V| N = Vccto0V 


•lol 


Output Leakage Current 




-10 


ma 


V 0U T = 0-45V 


'loh 


Output Leakage Current 




10 


ma 


V OUT= V CC 


'cc 


V C c Supply Current 




85 


mA 





CAPACITANCE (T A = 25 C,v C c 


= GND = 


0V) 








Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


fc=1 MHz 


Ci/o 


I/O Capacitance 






20 


PF 


Unmeasured pins returned to V S s 



A.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = 5V ± 



10%) 



TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TAHRL 


A0/C3 Setup to RD/INTA4 







ns 




TRHAX 


A0/CS Hold after RD/fNTAt 







ns 




TRLRH 


RD Pulse Width 


235 




ns 




TAHWL 


A0/CS Setup to WRi 







ns 




TWHAX 


A0/CS Hold afterWRt 







ns 




TWLWH 


"WR Pulse Width 


290 




ns 




TDVWH 


Data Setup to WRt 


240 




ns 




TWHDX 


Data Hold afterWRt 







ns 




TJLJH 


Interrupt Request Width (Low) 


100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or 
Third INTAI (Slave Only) 


55 




ns 




TRHRL 


End of RD to Next Command 


300 




ns 




TWHRL 


End of WR to Next Command 


370 




ns 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TRLDV 


Data Valid from RD/lNTAi 




200 


ns 


C of Data Bus 
Max. test C=100pF 
Min. test C=15pF 

C, NT =100pF 

C ENABLE = 1 5pF 


TRHDZ 


Data Float after RD/lNTAt 


10 


100 


ns 


TJHIH 


Interrupt Output Delay 




350 


ns 


TIALCV 


Cascade Valid from First INTAI 
(Master Only) 




565 


ns 


TRLEL 


Enable Active from RD4 or INTAI 




125 


ns 


TRHEH 


Enable Inactive from RDt or INTAt 




150 


ns 


TAHDV 


Data Valid from Stable Address 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 


ns 



NOTE: 

1. This is the low time required to clear the input latch in the edge triggered mode. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



-^ C L =100pF 



I 



C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



WRITE 




TWLWH *4 




cs 


^ 


, l 


/ 


► 


TAHWL 






- TWHAX 




ADDRESS BUS 

As 

DATA BUS 


> 


t 




^ 


< 








— TDVWM— • 






TWMDX 






_y 


' 


* 


C" 
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WAVEFORMS (Continued) 



READ/INTA MODE 

RPrtNTA- 



W- 



ADDRESS BUS 
Ao 



\ 



x 



\ 



f- TAHDV •» A 



I 



f 



K 



>— 



INlA sequence 


-»-TJHIH 


► TJUH 

INT ' 

JNTA 


\_... 




/ v 


V 
•-< 


V 
J " 

■ V - 


♦ — TCVIAL 




A / 

TCVDV -J 


TCVIAL 


V / 




' 


- / 


\ 




TIALCV^— •» 






NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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18279 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

INDUSTRIAL 



i Cerdip Package Only 

Simultaneous Keyboard Display 
Operations 

Scanned Keyboard Mode 

Scanned Sensor Mode 

Strobed Input Entry Mode 

8-Character Keyboard FIFO 

2-Key Lockout or N-Key Rollover with 
Contact Debounce 



■ Dual 8- or 16-Numerical Display 

■ Right or Left Entry 16- Byte Display 
RAM 

■ Single 16-Character Display 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 

■ Industrial Temperature Range: 
- 40°C to + 85°C 



The Intel® 18279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies, Both numeric and alphanumeric segment displays may be used as well as Simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 



<^> 



j. 



'cc 



IRQ RLo-7 

DATA 



<=3 



SHIFT 



RD 



CLK OUT Bo-3 
SB 

T C 



> 



^> 



P 



DB .7 


I/O 


DATA BUS (BIDIRECTIONAL) 


CLK 


I 


CLOCK INPUT 


RESET 


I 


RESET INPUT 


CS 


I 


CHIP SELECT 


RD 


I 


READ INPUT 


wPf 


I 


WRITE INPUT 


A 


I 


BUFFER ADDRESS 


IRQ 





INTERRUPT REQUEST OUTPUT 


SLo-3 





SCAN LINES 


RLo-7 


I 


RETURN LINES 


SHIFT 


I 


SHIFT INPUT 


CNTL/STB 


I 


CONTROL/STROBE INPUT 


OUTAq.3 


a 


DISPLAY (A) OUTPUTS 


OUT B _ 3 





DISPLAY (B) OUTPUTS 


BD 





BLANK DISPLAY OUTPUT 



RL 2 C 
RL 3 C 
clkC 
irqC 
RUE 

RLsC 

RLell 

RL ? C 

resetC 
rdC 
wrC 

DB C 
DB^ 
DB 2 C 
DB 3 C 
DB 4 C 
DB 5 C 
DB 6 C 
PB 7 C 

VssC 



1 ^-^ 


40 


HV CC 


2 


39 


DRLi 


3 


38 


Z] R Lo 


4 


37 


^CNTL/STB 


5 


36 


3 SHIFT 


6 


35 


3SL 3 


7 


34 


HSL 2 


8 


33 


DSL, 


18279 

10 


32 
31 


I)SLo 
D OUT Bo 


11 


30 


DOUT B, 


12 


29 


J OUT B 2 * 


13 


28 


DOUTB3 


14 


27 


J OUT A 


15 


26 


3 OUT Ai 


16 


25 


I] OUT A 2 


17 


24 


3 OUT A3 


18 


23 


HBT5 


19 


22 


355- 


20 


21 


DAo 



Figure 1. Logic Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 4 

Ambient Temperature -40° C to 85° C 

Storage Temperature -65°C to 1 25° C 

Voltage on any Pin with 

Respect to Ground -0.5V to +7V 

Power Dissipation . . 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = -40°c to +85°c, v ss =ov, v cc = +5V ±5%; 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L1 


Input Low Voltage for 
Return Lines 


-0.5 


1.4 


V 




V|L2 


Input Low Voltage for All Others 


-0.5 


0.8 > 


V 




V,H1 


Input High Voltage 


2.2 




V 




Vol 


Output Low Voltage 




0.45 


V 


l 0L = 1.6 mA 


Vqhi 


Output High Voltage on Interrupt 
Line 


3.5 




V 


U, =-100uA 


VOH 


Other Outputs 


2.4 






l 0H = -100juA 


'lU 


Input Current on Shift, Control and 
Return Lines 




+10 
-100 


ma 

/iA 


V|N=V CC 

v IN = ov 


'lL2 


Input Leakage Current on All Others 




±20 


MA 


V| N = V CC t0 0V 


'OFL 


Output Float Leakage 




±20 


/xA 


V 0UT = Vcc t0 0V 


'cc 


Power Supply Current 




140 


mA 





CAPACITANCE 



id 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 


5 


10 


PF 


V IN = Vcc 


CquT 


Output Capacitance 


10 


20 


PF 


Vqut = Vcc 



A.C. CHARACTERISTICS (T A = -40°c to +85°c, v C c = 5V ±5%; [ 
Bus Parameters 
READ CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AR 


Address Stable Before READ 


50 




ns 


tRA 




20 




ns 


Address Hold Time for READ 


tRR 


READ Pulse Width 


420 




ns 


tRD [2] 






300 


ns 


Data Delay from READ 


tAD [21 


Address to Data Valid 




450 


ns 


l DF 




10 


120 


ns 


READ to Data Floating 


tRCY 


Read Cycle Time 


1 




jUS 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


*AW 


Address Stable Before WRITE 


50 




ns 


*WA 


Address Hold Time for WRITE 


20 




ns 


t W w 


WRITE Pulse Width 


400 




ns 


tDW 


Data Set Up Time for WRITE 


300 




ns 


twD 


Data Hold Time for WRITE 


40 




ns 


twCY 


Write Cycle Time 


1 




MS 


OTHER TIMINGS 


Symbol 


Parameter 


Min. 


Max. 


Unit 


t0W 


Clock Pulse Width 


230 




nsec 


tcY 


Clock Period 


500 




nsec 



NOTES: 

1 . The 8279 will operate t 

2. V C c = +5V ±5%. 

3. C L = 100 pF 



\ a 8279-5 from 0°C to 70°C. 



Keyboard Scan Time 5.1 msec 

Keyboard Debounce Time 10.3 msec 

Key Scan Time 80 /usee 

Display Scan Time 10.3 msec 



Digit-on Time 

Blanking Time 

Internal Clock Cycle* 



480 /usee 
160 /usee 
. 10 /usee 



*The Prescaler should be programmed to provide 10 /usee internal clock cycle. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1- 



120 pF 



C L ■ 120 pF 

C L INCLUDES JIG CAPACITANCE 
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18282/8283 
OCTAL LATCH 

INDUSTRIAL 



Fully Parallel 8-Bit Data Register and 
Buffer 

Transparent during Active Strobe 

Address Latch for iAPX 86, 88, 
MCS-80®, MCS-85®, MCS-48® Families 

High Output Drive Capability for 
Driving System Data Bus 



■ 3-State Outputs 

■ 20-Pin Package with 0.3" Center 

■ No Output Low Noise when Entering 
or Leaving High Impedance State 

■ Industrial Temperature Range: 
-40°to+85°C 



The 18282 and 18283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf- 
fers, or multiplexers. The 18283 inverts the input data at its outputs while the 18282 does not. Thus, allof the principal 
peripheral and input/output functions of a microcomputer system can be implemented with these devices. 



m 



h^A 



EH 



B 
B 



* 



h^ 




-J] 



i- 
-Jl 



.r 



B 






3 



D0 7 



B 



B 



EH4 



^M^l f^H 






-Jl 
> 



.r 



.r 



.r 



fed 



fed 



^ 



IZ2J 



3 



do 7 



o 



O 




DIoC 

dhc 

DI2C 
DI3C 

ouc 
DI5C 
oieC 
Di 7 

se 

QND 



C 10 



20 3 v ct 

19 I]DOo 

18 HD°1 

17 DDOi 

„ie D55-3 

15 H 55 * 

14 I]65i 

13 JOBj 

12 D 65 ? 

11 ^STB 



Figure 1. Logic Diagrams 



Figure 2. Pin 
Configurations 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


STB 


1 


Strobe: STB is an input control pulse used to strobe data at the input pins (A0-A7) into the data latches. This 
signal is active HIGH to admit input data. The data is latched at the HIGH to LOW transition of STB. 


OE 


1 


Output Enable: OE is an input control signal which when active LOW enables the contents of the data latches 
onto the data output pin (B -B 7 ). OE being inactive HIGH forces the output buffers to their high impedance 
state. 


DI0-DI7 


1 


Data Input Pins: Data presented at these pins satisfying setup time requirements when STB is strobed is 
latched into the data input latches. 


OO0-DO7 
08282) 
DO0-DO7 
(18283) 





Data Output Pins: When OE is true, the data in the data latches is presented as inverted (18283) or non- 
inverted (18282) data onto the data output pins. 



FUNCTIONAL DESCRIPTION 



The 18282 and 18283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 



line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -40°C to +85°C 

Storage Temperature - 65 °C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages... -1.0V to + 5.5V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = 5V 


±10%, T A = - 


40°C to +85°C) 




Symbol 


Parameter 


Mm 


Max 


Units 


Test Conditions 


V C 


Input Clamp Voltage 




-1 


V 


l c = - 5 mA 


•cc 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


Iql = 20 mA 




Output High Voltage 


2.4 




V 


| 0H = - 5 mA 


'off 


Output Off Current 




±50 


MA 


V ff = 0.45 to 5.25V 


V|L 


Input Low Voltage 




0.8 


V 


Vqc = 50V ( See Note 1 ) 


V, H 


Input High Voltage 


2.0 




V 


Vcc = 50V (See Note 1) 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

V BIA s = 2.5V, V CC =5V 

T A = 25°C 



A.C. CHARACTERISTICS (v C c = 5V ±10%, t a = -40°c to +85°C) 

(Loading: Outputs — Iql = 20 mA, Iqh = ~5 mA, Cl = 300 pF) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
— Inverting 
— Non-Inverting 




25 
35 


ns 
ns 


(See Note 2) 


TSHOV 


STB to Output Delay 
— Inverting 
— Non-Inverting 




45 
55 


ns 
ns 




TEHOZ 


Output Disable Time 




25 


ns 




TELOV 


Output Enable Time 


10 


50 


ns 




TIVSL 


Input to STB Setup Time 







ns 




TSLIX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High Time 


15 




ns 




TILIH, 
TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, 
TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Output Loading Iql = 20 mA, Iqh = -5 mA, C L = 300 pF. 

2. See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



■ 1.5 -« TEST POINTS ► 1.5 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



A.C. TESTING LOAD CIRCUIT 



33Q 



OUTO 1» 



ZZ 300 pF 



3STATE TO V L 



OUTO <> 



Zf 300 pF 



3STATE TO Vqh 



OUTO— <► 



?f^300pF 



WAVEFORMS 



i t 



1 



x 



/ 



\ 
> — < 



TEHOZ |**- TELOV 

Voh-.1V 



VOL+.1V 



NOTE: 1. 18283 ONLY - OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED, 
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18284 

CLOCK GENERATOR AND DRIVER 

FOR iAPX 86, 88 PROCESSORS 

INDUSTRIAL 



Industrial Temperature Range: 
-40°C to +85°C 

Generates the System Clock for the 
Industrial iAPX 86/10 

Uses a Crystal or a TTL Signal for 
Frequency Source 

Single +5V Power Supply 



18-Pin Package 

Generates System Reset Output from 
Schmitt Trigger Input 

Provides Local Ready and MULTIBUS™ 
Ready Synchronization 

Capable of Clock Synchronization with 
other 8284's 



The 18284 is a bipolar clock generator/driver designed to provide clock signals for the iAPX 86, 88 and peripherals. It 
also contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 



XTAL 
OSCIL- 
LATOR 



> 



->- 



, *~^ pL^U 



RDY1- 
AEN1- 



^D^ 



->• — D' 



-2 — PCLK 
SYNC 



CSYNCd 


1 


18 


HVcc 


PCLK C 


2 


17 


I] XI. 


AEN1C 


3 


16 


HX2 


RDY1 C 
READY C 


4 15 

18284 

5 14 


I]N.C. 


RDY2 \Z 


6 


13 
12 


Uf/c 


AEN2L 


Hose 


CLK .[" 


8 


11 


[]RES 


GND C 


9 


10 


"2 RESET 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 



X1| ■ 
X2l 


CONNECTIONS FOR CRYSTAL 




RES 


RESET INPUT 


F/C 
EFI 

CSYNC 
RDY1 | 
RDY2I 


CLOCK SOURCE SELECT 
EXTERNAL CLOCK INPUT 
CLOCK SYNCHRONIZATION INPUT 

READY SIGNAL FROM TWO MULTIBUS 1 


* SYSTEMS 


RESET 

OSC 

CLK 

PCLK 

READY 


SYNCHRONIZED RESET OUTPUT 

OSCILLATOR OUTPUT 

MOS CLOCK ID8086 

TTL CLOCK FOR PERIPHERALS 

SYNCHRONIZED READY OUTPUT 


AEN1 | 
AEN2I 


ADDRESS ENABLED QUALIFIERS FOR RDY1.2 

18284 Pin Names 


vec 

GND 


+ 5 VOLTS 
VOLTS 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -40°C to 85 °C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to +5.5V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (t a = -40°c to 85°c, v cc 


= 5 V ±10%) 




Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


If 


Forward Input Current 




-0.5 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vc 


Input Forward Clamp Voltage 




-1.0 


V 


l c = -5 mA 


Ice 


Power Supply Current 




140 


mA 




V|L 


Input LOW Voltage 




0.8 


V 


V CC = 5.0V 


V,H 


Input HIGH Voltage 


2.0 




V 


V C c = 5.0V 


V !H R 


Reset Input HIGH Voltage 


2.6 




V 


V cc = 5.0V 


Vol 


Output LOW Voltage 




0.45 


V 


5 mA 


Voh 


Output HIGH Voltage CLK 
Other Outputs 


4 
2.4 




V 
V 


-1 mA 
-1 mA 


v IHr-V,l r 


RES Input Hysteresis 


0.25 




V 


V cc = 5.0V 



A.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = 5V ±10%) 

TIMING REQUIREMENTS 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


TEHEL 


External Frequency High Time 


13 




ns 


90% - 90% V| N 


TELEH 


External Frequency Low Time 


13 




ns 


10% - 10% V| N 


TELEL 


EFI Period 


TEHEL+ TELEH + d 




ns 


(Note 1) 




XTAL Frequency 


12 


25 


MHz 




TR1VCL 


RDY1, RDY2 Set-Up to CLK 


35 




ns 




TCLR1X 


RDY1,RDY2HoldtoCLK 







ns 




TA1VR1V 


AENT, AlTJJSet-Up to RDY1 , RDY2 


15 




ns 




TCLA1X 


AENT, AEN2 Hold to CLK 







ns 




TYHEH 


CSYNC SetUp to EFI 


20 




ns 




TEHYL 


CSYNC Hold to EFI 


20 




ns 




TYHYL 


CSYNC Width 


2TELEL 




ns 




TI1HCL 


RES Set-Up to CLK 


65 




ns 


(Note 2) 


TCLI1H 


RES Hold to CLK 


20 




ns 


(Note 2) 


TILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCHCL 


CLK High Time 


(V 3 TCLCL)-2.0 




ns 




TCLCH 


CLK Low Time 


(%TCLCL)-15.0 




ns 




TCH1CH2 
TCL2CL1 


CLK Rise or Fall Time 




10 


ns 


1.0V to 3.5V 


TPHPL 


PCLK High Time 


TCLCL-20 




ns 




TPLPH 


PCLK Low Time 


TCLCL-20 




ns 




TRYLCL 


Ready Inactive to CLK (See Note 4) 


-8 




ns 




TRYHCH 


Ready Active to CLK (See Note 3) 


(%TCLCL)-15.0 




ns 




TCLIL 


CLK to Reset Delay 




40 


ns 




TCLPH 


CLK to PCLK High Delay 




22 


ns 




TCLPL 


CLK to PCLK Low Delay 




22 


ns 




TOLCH 


OSC to CLK High Delay 


-5 


12 


ns 




TOLCL 


OSC to CLK Low Delay 


2 


25 


ns 




TOLOH 


Output Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1.5 = EFI rise (5 ns max) + EFI fall (5 ns max). 

2. Set up and hold only necessary to guarantee recognition at next clock. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



I 



C L = SEE NOTES 1 AND 2. 



V L = 2.08V 
R L = 3250 



± Cl 
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WAVEFORMS 



:j\ii.., r \ J r 
.j\j\jij\j\n 





NOTE." ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 



— TCLI1H— - 



\- 

















5pF 
24MHZCZ3 


Xi 

x 2 

F/C 
CSYNC 


CLK 




LOAD 
(SEE NOTED 



































Clock High and Low Time 









v 


;c 














ran CLK 

Xi 

READY 
X 2 OSC 

RDY2 

F/C 
AEN2 




LOAD 
(SEE NOTE 2) 










5pF 










LOAD 
(SEE NOTE 2) 




-| 






















PULSE 
GENERATOR 
TRIGGER 


































CSYNC 





















Ready to Clock (using Xi, X2) 

NOTES: 

1. C L = 100pF. 

2. C L = 30 pF. 























PULSE 
GENERATOR 




EFI 
F/C 
CSYNC 


CLK 




LOAD 
(SEE NOTE 1) 




Vcc 
























J 


- 

















Clock High and Low Time 





















PULSE 
GENERATOR 




EFI CLK 

F/C 

AEN1 

RDY2~ 

AEN2 

CSYNC READY 




LOAD 
(SEE NOTE 2) 






















I 


V 


:c 






TRIGGER 

PULSE 

GENERATOR 


t 


F 
















LOAD 
(SEE NOTE 2) 























Ready to Clock (using EFI) 
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18286/8287 
OCTAL BUS TRANSCEIVER 

INDUSTRIAL 



■ Data Bus Buffer Driver for iAPX 86,88, 
MCS-80®, MCS-85®, and MCS-48® 
Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 



3-State Outputs 

20-Pin Package with 0.3" Center 

No Output Low Noise when Entering 
or Leaving High Impedance State 

Industrial Temperature Range: 
-40°C to +85°C 



The 18286 and 18287 are 8-bit bipolar transceivers with 3-state outputs. The 18287 inverts the input data at its outputs 
while the 18286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 



H 



EH - -" 







"X. 








,K L P 



AoC 
AlC 
A2C 
A3C 
A4d 
A5C 
A6C 
A7C 

old 
gndC 



Dvcc 
D B Q 
D"i 
D B 2 

D B 3 

13 B 4 

U B 6 
II B 7 




Figure 1. Logic Diagrams 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


T 


I 


Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, it 
configures the transceiver's B0-B7 as outputs with A0-A7 as inputs. T LOW configures A0-A7 as the 
outputs with B0-B7 serving as the inputs. 


OE 


I 


Output Enable: ~OE is an input control signal used to enable the appropriate output driver (as selected by 
T) onto its respective bus. This signal is active LOW. 


A -A 7 


I/O 


Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's local 
bus depending upon the state of the T pin. 


B0-B7 
08286) 
B -B 7 
08287) 


I/O 


System Bus Data Pins: These pins serve to either present data to or accept data from the system bus 
depending upon the state of the T pin. 



FUNCTIONAL DESCRIPTION 

The 18286 and 18287 transceivers are 8-bit transceivers 
with high impedance outputs. With T active HIGH and 
OE active LOW, data at the A -A 7 pins is driven onto the 



B -B 7 pins. With T inactive LOW and OE active LOW 
data at the B -B 7 pins is driven onto the Aq-A 7 pins. No 
output low glitching will occur whenever the trans- 
ceivers are entering or leaving the high impedance 
state. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (v cc = 5V ±10%, t a 


= -40°C to +85°C) 






Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


l c =-5 mA 


•cc 


Power Supply Current— 8287 
-8286 




130 
160 


mA 
mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


M A 


V R = 5.25V 


Vol 


Output Low Voltage — B Outputs 
—A Outputs 




.45 
.45 


V 
V 


Iol = 20 mA 
Ioh = 10 mA 


Voh 


Output High Voltage — B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


I h = -5 mA 
l 0H = -1 mA 


•off 
'off 


Output Off Current 
Output Off Current 




If 
•r 




V 0F F = 0.45V 
V ff = 5.25V 


V|L 


Input Low Voltage —A Side 
— B Side 




0.8 
0.9 


V 
V 


V cc = 5.0V, See Note 1 
V C c = 5.0V, See Note 1 


V|H 


Input High Voltage 


2.0 




V 


V C c = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

Vbias = 2.5V, V cc =5V 

T A = 25°C 



A.C. CHARACTERISTICS (V cc = 5V ±10%, t a = -40°c to +85°C) 

(Loading: B Outputs— Iql = 20 mA, Iqh = -5 mA, C|_ = 300 pF; 
A Outputs— Iql = 1 mA, Iqh = _ 1 mA > C L = 1 00 pF) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 




25 
35 


ns 
ns 


(See Note 2) 


TEHTV 


Transmit/Receive Hold Time 


TEHOZ 




ns 




TTVEL 


Transmit/Receive Setup 


30 




ns 




TEHOZ 


Output Disable Time 




25 


ns 




TELOV 


Output Enable Time 


10 


50 


ns 




TILIH, 
TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, 
TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. B Outputs— Iol = 20 mA, Iqh = ~5 mA, C|_ = 300 pF; A Outputs— Iql = 10 mA, Iqh = -1 mA, C(_ = 100 pF. 

2. See waveforms and test load circuit following. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



1.5 ■* TEST POINTS ►LS 



A.C TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



TEST LOAD CIRCUITS 



~Z 300 pF 
3STATE TO V L 

B OUTPUT 

1.5V 



^300pF 
3-STATE TO Voh 

B OUTPUT 



5fe 100 pF 
3STATE TO Vol 

A OUTPUT 

1.5V 



5fe 100 pF 
3-STATE TO Voh 

A OUTPUT 



^ 300 pF 



B OUTPUT 



^ 100 pF 



A OUTPUT 
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WAVEFORMS 





INPUTS j 


( 


61 








/ 


i \ 


< 




♦TIVOV- 


-* 


TEHOZ 


— TELOV — 

Voh - .1V 


< 


- 


OUTPUTS } 


( 


> 


t 




Vol + 1V 




U- 


TEHTV ► 


— TTVEL 


X 


NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 



50 




8267 






so 




8286 






40 


- 








40 










8 
co 30 

z 






««&&^ 




O 
ill 
(O 
Z 30 






X<?'^>-~' 




>■ 

Ui 

a 










> 
< 
-j 

UJ 
Q 










20 






•£?£M^- — "" 




20 










10 




I 


i i i 


I 


10 




I 


I I I 


I 




200 


400 600 800 1000 




200 


400 600 800 


1000 






pF LOAD 








pF LOAD 





Output Delay vs. Capacitance 
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BUS CONTROLLER 

FOR iAPX 86, 88 PROCESSORS 

INDUSTRIAL 



■ Bipolar Drive Capability 

■ Provides Advanced Commands 

■ Provides Wide Flexibility in System 
Configurations 

■ 3-State Command Output Drivers 



■ Configurable for Use with an I/O Bus 

■ Facilitates Interface to One or Two 
Multi-Master Busses 

■ Industrial Temperature Range: 
-40°C to 85°C 



The Intel® 18288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability 
while optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 




CONTROL I AEN 
INPUT \ CEN 



iobE 




20 


Hvcc 


clkC 


2 


19 


Hso 


siC 


3 


18 


US2 


dt/rC 


4 


17 


H MCE/PDEN 


ALE [I 

aenT 


5 16 
18288 

6 15 


3 DEN 
I] CEN 


MRDCC 




14 


HTnta 


AMWCd 


8 


13 


U IORC 


MWTCL 


9 


12 


3 AIOWC 


gndC 


10 


11 


Hiowc 



Figure 2. Pin Configuration 



ADDRESS LATCH, DATA 
TRANSCEIVER, AND 
INTERRUPT CONTROL 
SIGNALS 



Figure 1. Block Diagram 









GND V C c 




l* 


s5 


AIOWC 


OCESSOR 
STATUS 


^ 


si 


AMWC 
IOWC 
MWTC 
MRDC 




r 


AEN 


18288 m * 
INTA 


CONTROL 
INPUT 


i* 


CLK 
IOB 


DT/R 




L 


CEN 


ALE 

MCE/PDEN 

DEN 



COMMAND 
BUS 



CONTROL 
_». [ OUTPUT 



Figure 3. Functional Pin-Out 
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ABSOLUTE MAXIMUM RATINGS 4 



Temperature Under Bias -40°C to 85°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to 5.5V 

Power Dissipation 1 .5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operation sections of this specifica- 
tion is not implied. Exposure to absolute maximum ratin- 
ing conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = 5V ±10%, t a = 


-40°C to 85°C) 






Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


v c 


Input Clamp Voltage 




-1 


V 


Iq = -5 mA 


•cc 


Power Supply Current 




230 


mA 




If 


Forward Input Current 




-0.7 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


fiA 


Vr = V CC 


Vol 


Output Low Voltage 
Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


Iql = 20 mA 
l = 16MA 


Vqh 


Output High Voitage 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


Ioh = -5 mA 
I h = -1 mA 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




•off 


Output Off Current 




100 


/jlA 


Vqff = 0.4 to 5.25V 



A.C. CHARACTERISTICS (V C c = 5V ±10%, t a = -40°c to 85°C) 

TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


66 




ns 




TCHCL 


CLK High Time 


40 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




TCHSV 


Status Active Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


35 




ns 




TCLSH 


Status Inactive Hold Time 


10 




ns 




TILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Mln. 


Max. 


Unit 


Test Conditions 


TCVNV 


Control Active Delay 


5 


45 


ns 


MRDC V 

IORC I 

MWTC 1 Iql = 20 mA 

IOWC > Iqh = +5 mA 

INTA 1 C L =300pF 

AMWC J 

AlOWC ' 

( loL = 16mA 
Other j Ioh = -1 mA 
J C L = 80 pF 


TCVNX 


Control Inactive Delay 


10 


50 


ns 


TCLLH, 
TCLMCH 


ALE MCE Active Delay (from CLK) 




25 


ns 


TSVLH, 
TSVMCH 


ALE MCE Active Delay (from Status) 




25 


ns 


TCHLL 


ALE Inactive Delay 


4 


15 


ns 


TCLML 


Command Active Delay 


10 


35 


ns 


TCLMH 


Command Inactive Delay 


10 


35 


ns 


TCHDTL 


Direction Control Active Delay 




50 


ns 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


TAELCH 


Command Enable Time 




40 


ns 


TAEHCZ 


Command Disable Time 




40 


ns 


TAELCV 


Enable Delay Time 


115 


200 


ns 


TAEVNV 


AEN to DEN 




20 


ns 


TCEVNV 


CEN to DEN, PDEN 




25 


ns 


TCELRH 


CEN to Command 




TCLML 


ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


TOHOL 


Output Fall Time 




12 


ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND 0." 



TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 



3-STATE TO HIGH 



3-STATE TO LOW 



COMMAND OUTPUT 
TEST LOAD 



CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 



x~\-jr 



S2.Si.S0 



ADDRESS/DATA 



MR DC, IORC, INTA 
AMWC, AIOWC 



(READ) 
" (INTA) 



PDEN (READ) 
™ tlN (INTA) 



PDEN (WRITE) 



DT/R (READ) 
(INTA) 



V 



T 2 ►* 



T 3 - 



v 



\ 



_ — Itsh 

U— TCLSH 

£7 



V 



X] 



ADDR 
VALID 



X 



1 



1 



\ 



/ 



K 



.r 



\ 



\. 



© 



\ 



r- T( 



J 



I 
X 



J 



~\L 



_A 



y 



NOTES: 

1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

2. LEADING EDGE OF ALE AND MCE IS DETERMINED" BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 

3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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WAVEFORMS (Continued) 



DEN, PDEN QUALIFICATION TIMING 



X 



X 



xzx 



X 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



-TAELCV -H 



OUTPUT 
COMMAND" 



J 




J 



& 



J 



0.5V 



V 



\ 



TCELRH- 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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18355* 
16,384-BIT ROM WITH I/O 

'Directly Compatible with I8085A CPU. 
INDUSTRIAL 



■ Industrial Temperature Range: 
-40°C to +85°C 

■ 2048 Words x 8 Bits 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 



Single + 5V Power Supply 



Multiplexed Address and Data Bus 



■ Internal Address Latch 



■ 40-Pin DIP 



The Intel® 18355 is a ROM and I/O chip to be used in the MCS-85® microcomputer system. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 
I8085A CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 



•<=> 

•<=> 



CE 2 - 

"2" 
IO/M- 

ALE- 

RD- 

iow- 

RESET- 
fOR- 



2KX8 

ROM 






L. 



V cc (+5V) 
V ss (0V) 



cEtC 


1 > " 


y 40 


3v cc 


CE 2 C 


2 


39 


3pb 7 


clkC 


3 


38 


>B 6 


RESET C 


4 


37 


3pb 5 


N.C. (NOT CONNECTED) C 


5 


36 


3pb 4 


READY C 


6 


35 


3pb 3 


io/mC 




34 


Dpb ? 


iorC 


8 


33 


Upb, 


RDC 


9 18355 32 


3pb 


iowC 


10 


31 


Dpa 7 


ALEC 


11 


30 


>a 6 


AD C 


12 


29 


3pa 5 


AD^ 


13 


28 


Dpa 4 


AD 2 C 


14 


27 


Dpa 3 


AD 3 C 


15 


26 


Dpa 2 


AD 4 C 


16 


25 


Dpa, 


AD 5 C 


17 


24 


Dpa 


AD 6 C 


18 


23 


IKo 


AD 7 C 


19 


22 


3a 9 


VssC 


20 


21 


Ha 8 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 4 



Temperature Under Bias -40°C to 85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A 


- -40°C to 85°C, V cc - 5V ± 5%) 




Symbol 


Parameter 


Mln. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


V CC = 5.0V 


V| H 


Input High Voltage 


2.0 


Vcc+0.5 


V 


v cc = 5.0V 


Vol 


Output Low Voltage 




0.45 


V 


Iql^ 1-6 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400uA 


«IL 


Input Leakage 




10 


MA 


Vin = V C c to 0V 


Ilo 


Output Leakage Current 




±10 


juA 


0.45V <V UT <V CC 


•cc 


Vcc Supply Current 




180 


mA 





A.C. CHARACTERISTICS (t a = -40°c to 85°c ; v cc = 5V ± 5%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tCYC 


Clock Cycle Time 


320 




ns 




Ti 


CLK Pulse Width 


80 




ns 




T 2 


CLK Pulse Width 


120 




ns 




tf.tr 


CLK Rise and Fall Time 




30 


ns 




tAL 


Address to Latch Set Up Time 


50 




ns 




tLA 


Address Hold Time after Latch 


80 




ns 




tLC 


Latch to READ/WRITE Control 


100 




ns 




tRD 


Valid Data Out Delay from READ Control 




170 


ns 




tAD 


Address Stable to Data Out Valid 




400 


ns 




tLL 


Latch Enable Width 


100 




ns 




tRDF 


Data Bus Float after READ 





100 


ns 




tCL 


READ/WRITE Control to Latch Enable 


20 




ns 




tec 


READ/WRITE Control Width 


250 




ns 




tDW 


Data In to Write Set Up Time 


150 




ns 




tWD 


Data In Hold Time After WRITE 


10 




ns 




twp 


WRITE to Port Output 




400 


ns 




tPR 


Port Input Set Up Time 


50 




ns 




tRP 


Port Input Hold Time 


50 




ns 




tRYH 


READY HOLD Time 





160 


ns 




tARY 


ADDRESS (CE) to READY 




160 


ns 




tRV 


Recovery Time Between Controls 


300 




ns 




tRDE 


READ Control to Data Bus Enable 


10 




ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



1. 
1 



C L = 150pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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18741 A 

UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 

INDUSTRIAL 



mEUMMAEW 



8-Bit CPU plus EPROM, RAM, I/O, Timer 
and Clock in a Single Package 

One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 

DMA, Interrupt, or Polled Operation 
Supported 

1024 x 8 EPROM, 64 x 8 RAM, 

8-Bit Timer/Counter, 18 Programmable 

I/O Pins 



Fully Compatible with MCS-48®, 
MCS-80®, MCS-85®, and iAPX 86 
Microprocessor Families 

Expandable I/O 

Over 90 Instructions: 70% Single Byte 



Industrial Temperature Range: 
-40°Cto+85°C 



The Intel 1 ® 18741 A is a general purpose, programmable interface device designed for use with a variety of 8- bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to 
function as a peripheral controller in MCS-48®, MCS-80®, MCS-85®, iAPX 86, and other 8-bit systems. 

The UPI-41 A™ has 1 K words of program memory and 64 words of data memory on-chip. 

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in- 
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: single 5Vsupply, single-step modefor debug, and dual working 
register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 
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Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS" 



Ambient Temperature Under Bias -40° C to 85° C 

Storage temperature - 65°C to + 150°C 

Voltage on Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°c to 85°c, v cc = v DD = +5V ±5%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage (Except XTAL1, XTAL2, RESET) 


-0.5 


0.8 


V 




V,L1 


Input Low Voltage (XTAL1, XTAL2, RESET) 


-0.5 


0.6 


V 




V,H 


Input High Voltage (Except XTAL1, XTAL2, RESET) 


2.2 


Vcc 






V|H1 


Input High Voltage (XTAL1, XTAL2, RESET) 


3.8 


Vcc 


V 




Vol 


Output Low Voltage (D -D 7 ) 




0.45 


V 


Iol= 1.6 mA 


V L1 


Output Low Voltage (P 10 Pi7, P20 p 27» s y nc ) 




0.45 


V 


Iol = 1.2 mA 


V L2 


Output Low Voltage (Prog) 




0.45 


V 


Iol = 0.8 mA 


VOH 


Output High Voltage (D -D 7 ) 


2.4 




V 


IOH = -280/uA 


VOHI 


Output High Voltage (All Other Outputs) 


2.4 




V 


I OH - -30 »A 


IlL 


Input Leakage Current (T , T^ RD, WR, CS, A , EA) 




±10 


nA 


Vss * V, N < V cc 


loz 


Output Leakage Current (D -D 7 , High Z State) 




±10 


mA 


V ss + 0.45*£V O UT^V cc 


»LI 


Low Input Load Current (Pk)Pi7, P20P27) 




0.6 


mA 


V, L =0.8V 


Ilm 


Low Input Load Current (RESET, SS) 




0.2 


mA 


V, L =0.8V 


'dd 


V DD Supply Current 




20 


mA 


Typical = 10 mA 


'cc+'dd 


Total Supply Current 




145 


mA 


Typical = 75 mA 



A.C. CHARACTERISTICS 

DBB READ 



(T A = -40°C to 85°C, V C c = Vqd = +5V ±5%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


t A R 


CS, A Setup to RD1 







ns 




tRA 


CS, A Hold After W\ 







ns 




*RR 


RD Pulse Width 


350 




ns 




*AD 


CS, A to Data Out Delay 




300 


ns 


C L =150pF 


*RD 


RDI to Data Out Delay 




300 


ns 


C L =150pF 


t D F 


RDt to Data Float Delay 




100 


ns 




*CY 


Cycle Time 


4.17 


15 


us „ 


3.6MH2XTAL 


DBB WRITE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AW 


CS, A Setup to WRi 







ns 




*WA 


CS,A Hold After WRt 







ns 




t ww 


Wft Pulse Width 


350 




ns 




tow 


Data Setup to WRt 


200 




ns 




*WD 


Data Hold After WRt 







ns 
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A.C. CHARACTERISTICS— PORT 2 (T A = -40°c to 85°c, v cc = v DD = +5V ±5%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling 
Edge of PROG 


115 




ns 




tpc 


Port Control Hold After Falling 
Edge of PROG 


65 




ns 




tPR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tPF 


Input Data Hold Time 





160 


ns 




tDP 


Output Data Setup Time 


230 




ns 




tPD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 





A.C. CHARACTERISTICS-DMA 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DACK to WR or~RD 







ns 




*CAC 


RD or WR to DACK 







ns 




UCD 


DACK to Data Valid 




300 


ns 


C L =150pF 


tcRQ 


RD or WR to DRQ Cleared 




250 


ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ Y C L = 150 pF 
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(PlimOIMMF 
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EXPANDER 
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18749 

NEW HIGH PERFORMANCE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 



• EPROM Version of 8049H 

• Use for Prototype Development 

• 11 MHz Operational 

• High Performance HMOS 

• Interchangeable with 8049 



8-Bit CPU, ROM, RAM, I/O in Single 

Package 

Pin Compatible with 8048/8748 

Single 5V Supply 

1.4 fisec Cycle Versions 

All Instructions 1 or 2 Cycles 

Over 90 Instructions: 70% Single Byte 



2KX8R0M/EPR0M 

128x8 RAM 

27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 

Peripherals 

Single Level Interrupt 



The Intel® 8749H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using Intel's N-channel silicon 

gate HMOS process. 

The 8749H contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines,- and an 8-bit timer/counter in addition to 

on-board oscillator and clock circuits. For systems that require extra capability, the 8749 can be expanded using standard memories 

and MCS-80®/MCS-85® peripherals. To reduce development problems to a minimum and provide maximum flexibility, two 

interchangeable pin-compatible versions of this single component microcomputer exist: the 8749H with user-programmable and 

erasable EPROM program memory for prototype and preproduction systems and the 8049H with factory-programmed mask ROM 

program memory for low cost, high volume production. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit handling 

capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an instruction set 

consisting mostly of single bit instructions and no instructions over 2 bytes in length. 



PIN CONFIGURATION 



TOC 

XTAL iC 2 

XTAL 2[ 3 

RESTtC 4 

SSC 5 

INTC 6 

EAC 7 

RDC 8 

PSENC 9 

wrC io 

aleC ii 

OBoC 12 

DB^ 13 

DB 2 C 14 

DB 3 C 15 

DB 4 C 16 

DBjC 17 

OB,C 18 

OB 7 C 19 



18749 



Dv cc 
D" 

3P27 
3P26 
DP» 
3P24 
>17 
DP16 

Dpis 

3P14 
DM3 
DP12 
DM1 

Dmo 

H v oo 
Dprog 

DP23 
DP22 
DP21 
DP» 



LOGIC SYMBOL 



INTERRUPT- 



•CO 



ox 

0>T 



PROGRAM 
••STORE 
ENABLE 

ADDRESS 
► LATCH 
ENABLE 

PORT 
•"EXPANDER 
STROBE 



BLOCK DIAGRAM 



2048 WORDS 
PROGRAM 
MEMORY 



7V 



8BIT 
CPU 




8BIT 

TIMER/ 

EVENT COUNTER 



128 WORDS 

DATA 

MEMORY 



7v 
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I8755A 
16,384-BIT EPROM WITH I/O 

'Directly Compatible with I8085A CPU. 
INDUSTRIAL 



Industrial Temperature Range 
(-40°Cto +85°C) 

2048 Words x 8 Bits 

Single +5V Power Supply (Vqc) 

U.V. Erasable and Electrically 
Reprogrammable 



■ Internal Address Latch 

■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® I8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
MCS-85® microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 750 ns to permit use with one wait state in a 3 MHz I8085A system. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu- 
ally programmable as input or output. 




Vcc(+5V) 
V SS (0V) 



PROG AND CEi C 


1 


40 


3 Vcc 


CE 2 C 


2 


39 


UPB7 


clkC 


3 


38 


HPB6 


RESET C 


4 


37 


I3PB5 


VddC 


5 


36 


DPB 4 


READY C 


6 


35 


HPB3 


IO/M C 


7 


34 


DPB2 


TORE 


8 


33 


UPBi 


rdC 


9 


32 


DPBo 


ioWC 


10 I8755A 


31 


HPA 7 


aleC 


11 


30 


DPA 6 


ADoC 


12 


29 


Dpa 5 


ADiC 


13 


28 


UPA4 


AD 2 H 


14 


27 


I]PA 3 


AD 3 H 


15 


26 


Dpa 2 


AD 4 C 


16 


25 


I]PAi 


AD 5 q 


17 


24 


UPAo 


ADed 


18 


23 


3 A 10 


ADrC 


19 


22 


Da 9 


VssC 


20 


21 


Has 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -40°Cto +85°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation. 1.5W 

* Except for programming voltage 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc = v DD 



t10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.7 


V 




V| H 


Input High Voltage 


2.2 


V CC + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1 -6 mA 


V H 


Output High Voltage 


2.4 




V 


l H = ^400 (jlA 


IlL 


Input Leakage 




10 


jxk 


Vss * v m =£ v cc 


'lo 


Output Leakage Current 




±10 


/xA 


V S s + 0.45V *s V UT ^ V C c 


'cc 


Vcc Supply Current 




180 


mA 




•dd 


Vqd Supply Current 




30 


mA 


V DD = V CC 


C|N 


Input Capacitance 




10 


PF 


f = 1 MHz 


C l/0 


Input/Output Capacitance 




15 


PF 


f = 1 MHz 
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A.C. CHARACTERISTICS (T A = -40°c to +85°c, v cc = v DD = ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tCYC 


Clock Cycle Time 


320 




ns 


C|_OAD=150pF 


■Ti 


CLK Pulse Width 


80 




ns 


T 2 


CLK Pulse Width 


120 




ns 


tf.tr 


CLK Rise and Fall Time 




30 


ns 


tAL 


Address to Latch Set Up Time 


60 




ns 


150 pF Load 


tLA 


Address Hold Time after Latch 


90 




ns 


tLC 


Latch to READ/WRITE Control 


110 




ns 


tRD 


Valid Data Out Delay from READ Control 




180* 


ns 


tAD 


Address Stable to Data Out Valid 




470 


ns 


tLL 


Latch Enable Width 


120 




ns 


tRDF 


Data Bus Float after READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


40 




ns 


tec 


READ/WRITE Control Width 


270 




ns 


tDW 


Data In to WRITE Set Up Time 


170 




ns 


t\A/D 


Data In Hold Time After WRITE 


30 




ns 


twp 


WRITE to Port Output 




400 


ns 


tpR 


Port Input Set Up Time 


60 




ns 


tRP 


Port Input Hold Time 


B0 




ns 


tRYH 


READY HOLD TIME 


10 


160 


ns 


tARY 


ADDRESS (CE) to READY) 




220 


ns 


tRV 


Recovery Time Between Controls 


350 




ns 


tRDE 


Data Out Delay from READ Control 


20 




ns 


tLD 


ALE to Data Out Valid 




320 


ns 


Preliminary 



* Tad - 0"al + t lc). whichever is greater. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC T AND 0.45V FOR 
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC T' 
AND 0.8V FOR A LOGIC 0. 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



"1 
I 



C L =150pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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M2114A 
1024 x 4-BIT STATIC RAM 





M2114AL-3 


M2114AL-4 


M2114A-4 


M2114A-5 


Max. Access Time (ns) 


150 


200 


200 


250 


Max. Current (mA) 


50 


50 


70 


70 



HMOS Technology 

Low Power, High Speed 

Identical Cycle and Access Times 

Single +5V Supply ±10% 

High Density 18 Pin Package 

Completely Static Memory - No Clock 
or Timing Strobe Required 



Directly TTL Compatible: All Inputs 
and Outputs 

Common Data Input and Output Using 
Three-State Outputs 

M21 14 Upgrade 

Military Temperature Range -55° C 
to+125°C 



The Intel® M2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The M21 14A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The M21 14A is placed in an 18-pin package for the highest 
possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +■ 5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 



PIN CONFIGURATION 



MI 


1 18 


D v cc 


**C 


2 17 


Ha 7 


A 4d 


3 16 


IK 


*3d 


4 15 


Ha, 


MI 


SM2114A14 


3 i/o, 


A lC 


6 13 


3/02 


*C 


7 12 


U"03 


cs\Z 


8 11 


U"°4 


GND C 


9 10 


^wl 



LOGIC SYMBOL 



PIN NAMES 





A„ 




— 


A 1 
A 2 


I/O, 




A3 


I/O, 




A 4 




— 


A 5 
A 6 


I/O3 




A7 






A 8 


i/o 4 




A 9 

WE 


CS 



FT 



A«-A 9 ADDRESS INPUTS 


V cc POWER (+5V) 


WE WRITE ENABLE 


GND GROUND 


55 CHIP SELECT 




I/O, -l/0 4 DATA INPUT/OUTPUT 





BLOCK DIAGRAM 




O " P,N NUMBERS 



10-1 



inteT 



M2114A FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to 135°C 

Storage Temperature -65°C to 150°C 

Voltage on any Pin 

With Respect to Ground -3.5V to +7V 

Power Dissipation LOW 

D.C. Output Current 5mA 

D.C. AND OPERATING CHARACTERISTICS 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings " may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied: Ex- 
posure is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



[3] 



T A - -55° C to +125°C, Vcc = 5V 


±10%, 


unless otherwise 


noted. 








SYMBOL 


PARAMETER 


M2114AL-3/L-4 
Min. Typ." Max. 


M2114A-4/-5 
Min. Typ. 11 ' Max. 


UNIT 


CONDITIONS 


Ml. I 


Input Load Current 
(All Input Pins) 


10 


10 


A/A 


V, N = to 5.5V 


HloI 


I/O Leakage Current 


10 


10 


tiA 


CS = Vih 

Vi/ = GND to Vcc 


1 . 

ICC 


Power Supply Current 


25 50 


50 /0 


mA 


Vcc = max, I |/o = mA, 
T A = -55°C 


V, L 


Input Low Voltage 


-3.0 


0.8 


-3.0 


0.3 


V 




V, H 


Input High Voltage 


2.0 


6.0 


2.0 


6.0 


V 




lot 


Output Low Current 


2.1 


9.0 


2.1 


9.0 


mA 


Vol' = 0.4V 


loH 


Output High Current 


-1.0 


-2.5 


-1.0 


-2.5 


mA 


Voh = 2.4V 


l0S<2) 


Output Short Circuit 
Current 


40 


40 


mA 


V 0UT = GND 



NOTE: 

1 . Typical values are for T A = 25 °C and V cc = 5.0V. 

2. Duration not to exceed 30 seconds. 

3 . The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 
0ja (@ 400 f PM air flow) = 40°C/W 
JA (still air) = 70°C/W 
0j C = 25°C/W 

CAPACITANCE 

T A =25°C, f = 1.0 MHz 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


Ci/o 


Input/Output Capacitance 


5 


PF 


V, /0 = 0V 


C|N 


Input Capacitance 


5 


PF 


Vin = ov 



NOTE: This parameter is periodically sampled and not 100% tested. 

A.C. CONDITIONS OF TEST 

Input Pulse Levels 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1 .5 Volts 

Output Load 1 TTL Gate and C L = 100 pF 
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A.C. CHARACTERISTICS T A = -55°C to +125°C, Vcc = 5V ±10%, unless otherwise noted. 



READ CYCLE 



HI 



SYMBOL 


PARAMETER 


M2114AL-3 
Min. Max. 


M2114A-4/L-4 
Min. Max. 


M2114A-5 
Min. Max. 


UNIT 


tRC 


Read Cycle Time 


150 


200 


250 


ns 


t A 


Access Time 


150 


200 


250 


ns 


tco 


Chip Selection to Output Valid 


70 


70 


85 


ns 


tcx 


Chip Selection to Output Active 


10 


10 


10 


ns 


toTD 


Output 3-state from Deselection 


40 


50 


60 


ns 


toHA 


Output Hold from Address Change 


15 


15 


15 


ns 



WRITE CYCLE 
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SYMBOL 


PARAMETER 


M2114AL-3 
Min. Max. 


M2114A-4/L-4 
Min. Max. 


M2114A-5 
Min. Max. 


UNIT 


twc 


Write Cycle Time 


150 


200 


250 


ns 


tw 


Write Time 


90 


120 


135 


ns 


twR 


Write Release Time 











ns 


toTW 


Output 3-state from Write 


40 


50 


60 


ns 


tow 


Data to Write Time Overlap 


90 


120 


135 


ns 


tDH 


Data Hold from Write Time 











ns 



NOTES: __ 

1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. t w is measured from the latter of CS or WE going low to the earlier of CS or 
WE going high. 



WAVEFORMS 

READ CYCLE® 



WRITE CYCLE 



mwmwwwA 



DquT 



■ L— t 



7ZHZZZZH 



— H tOHA-U-H 



NOTES: 

3. WE is high for a Read Cycle. 

4. If the CS low transition occurs simultaneously with theWE low 
transition, the output buffers remain in a high impedance 
state. 

5. "WE must be high during all address transitions. 
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©m 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 
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v cc (V) 



NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 




T A (°C) 



NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 



NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 
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0.9 
0.8 










































0.7 
0.6 





















150 200 



C L (pF) 



T A (°C) 



OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 



OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 



30 

1- 

10 




































2 3 

v h(V) 




v 0L (V) 
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intel 



M2115A, M2125A FAMILY 
HIGH SPEED 1Kx 1 BIT STATIC RAM 





M2115AL,M2125AL 


M2115A,M2125A 


Max. Taa (ns) 


75 


55 


Max. Ice (mA) 


75 


125 



HMOS Technology 

Low Operating Power Dissipation 
413 mW (M2115AL, M2125AL) 

Fast Access Time Over - 55°C to 
125°C - 55 ns Maximum (M2115A, 
M2125A) 

Single + 5V Supply with ±10% 
Tolerance 



■ TTL Inputs and Output 

■ Uncommitted Collector (M2115A, 
M2115AL) and Three-State Output 
(M2125A, M2125AL) 

■ Non-Inverting Data Output 

■ Hermetic 16-Pin Dual In-Line Package 



The Intel® M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a -55°C to +125°C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M21 15A and M2125A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. 

The A/12-1 15AL/M2125AL is ideal for high-performance systems where speed and power dissipation are significant design con- 
siderations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The M2115A/ 
M2125A at 55 ns maximum should be considered for applications in which speed is a primary design objective. 

The devices are directly TTL compatible in all respects: inputs, outputs and a single +5V supply. A separate chip select lead 
allows easy selection of an individual package when outputs are OR-tied. 



PIN CONFIGURATION 



LOGIC SYMBOL 



Aod 

A -C 

A 2 [Z 
A 3 [Z 
A 4 j 

d outCZ 
gnd| 



16 m v cc 

15 ID D.N 
14 | WE 
13Z]A 9 
12 ZK 
11 Z1 A 7 





i 


| 


J 


A — 


1 
2 


15 


14 


A, 


3 






A 2 _ 


4 






A 3 __ 


5 






A 4 


6 






A 5 — 


9 






A 6 — 


10 






A 7 


11 






A 8 


12 






A 9 __ 


13 


7 





V cc = PIN 16 
GND = PIN 8 



PIN NAMES 


S 


CHIP SELECT 


AoTOAg 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


Din 


DATA INPUT 


Qout 


DATA OUTPUT 



BLOCK DIAGRAM 



SENSE AMPS 
AND 
WRITE 



CONTROL 

LOGIC 

(SEE TRUTH 

TABLE) 



TTTTT 1 1 1 1 1 



*°OUT 



©0®®© 



®®©@© d ^ 

TRUTH TABLE 



© 



INPUTS 


OUTPUT 
2115A FAMILY 


OUTPUT 
2125A FAMILY 


MODE 


CS WE D| N 


DOUT 


OOUT 




H X X 


H 


HIGH 2 


NOT SELECTED 


L L L 


H 


HIGH Z 


WRITE "0" 


L L H 


H 


HIGH Z 


WRITE "V 


L H X 


OOUT 


OOUT 


READ 
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M2115AL, M2115A, M2125AL, M2125A 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65° C to +135°C 

Storage Temperature -65°C to +150°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -0.5V to +6V 

D.C. Output Current 20 mA 



*COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these 
or at any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 1121 

V C c = 5V ±10%, T A = -55°C to +125°C 



Symbol 


Test 


Min. 


Typ. 


Max. 


Unit 


Conditions 


VOL1 


M2115A, M2115AL Output Low 
Voltage 






0.45 


V 


I l= 10 mA 


VrjL2 


M2125A,M2125AL Output Low 
Voltage 






0.45 


V 


Iql = 5 mA 


V,H 


Input High Voltage 


2.1 






V 




V|L 


Input Low Voltage 






0.8 


V 




IlL 


Input Low Current 




-0.1 


-40 


juA 


V CC = Max., V, N = 0.4V 


l|H 


Input High Current 




0.1 


40 


/iA 


V CC = Max., V, N = 4.5V 


'CEX 


M21 15A, M21 1 5AL Output Leakage 
Current 




0.1 


100 


juA 


V CC = Max., V ol jT = 4.5V 


HoffI 


M2125A, M2125AL Output Leakage 
Current (High Z) 




0.1 


50 


juA 


V cc - Max., V UT - 0.5V/2.4V 


ios t3] 


M2125A, M2125AL Current Short 
Circuit to Ground 






-100 


mA 


V C c = Max. 


V H 


M21 15A, M21 15AL Output High 
Voltage 


2.4 






V 


Iqh = -3.2 mA 


•cci 


M21 1 5AL, M21 25AL Power Supply 
Current 




60 


75 


mA 


All Inputs Grounded, Output 
Open 


'CC2 


M21 1 5A, M21 25A Power Supply 
Current 




100 


125 


mA 


All Inputs Grounded, Output 
Open 



NOTES: 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. 

Typical thermal resistance values of the package at maximum temperature are: 

0JA < @ 400 f PM air f, ° w ) = 45°C/W 
0j A (still air) = 60°C/W 
0j C = 25°C/W 

2. Typical limits are at Vfjc = 5V, T/\ - +25°C and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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M2115AL, M2115A, M2125AL, M2125A 



M21 15AL, M21 15A A.C. CHARACTERISTICS 11 ' 21 V cc = 5V ±10%, T A = -55°C to +125°C 
READ CYCLE 



Symbol 


Test 


M2115AL Limits 
Min. Typ. Max. 


M2115A Limits 
Min. Typ. Max. 


Units 


tACS 


Chip Select Time 


5 




45 


5 




45 


ns 


tRCS 


Chip Select Recovery Time 






50 






35 


ns 


*AA 


Address Access Time 




40 


75 




35 


55 


ns 


toH 


Previous Read Data Valid After Change of 
Address 


10 






10 






ns 



WRITE CYCLE 



Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tws 


Write Enable Time 






45 






35 


ns 


*WR 


Write Recovery Time 







50 







35 


ns 


t W 


Write Pulse Width 


55 


10 




40 


10 




ns 


tWSD 


Data Setup Time Prior to Write 


5 


-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







ns 


t\A/SA 


Address Setup Time 


15 







5 







ns 


*WHA 


Address Hold Time 


5 







5 







ns 


twscs 


Chip Select Setup Time 


5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 







ns 



A.C. TEST CONDITIONS 



M2115A 

Pout~ 



30pF 

(INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 

T 

3.5Vp-p 



r F 

Vp-p /, 

i-J 



i 



X 



\ 



90% 
10% 



*-i > 10ns 



J. 



10% 
- 90% 
-10ns 



READ CYCLE 



X 






DATA VALID 



PROPAGATION DELAY FROM CHIP SELECT 

es - 



1 



/ 



\ 



/ 



WRITE CYCLE 



v 



ae 



3£ 



\-? 



tWSA-*- 

■* twscs »- 



£ 



X 



DATA • 

:;i undefined!: 



r 



f 



\P.N 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 



M2125AL, M2125A A.C. CHARACTERISTICS 11 ' 21 V cc - 5V ±10%, T A - -55°C to +125°C 
READ CYCLE 



Symbol 


Test 


M2125AL Limits 
Min. Typ. Max. 


M2125A Limits 
Min. Typ. Max. 


Units 


*ACS 


Chip Select Time 


5 




45 


5 




45 


ns 


tzRCS 


Chip Select to HIGH Z 






50 






35 


ns 


Ua 


Address Access Time 




40 


75 




25 


55 


ns 


tOH 


Previous Read Data Valid After Change of 
Address 


10 






10 






ns 



WRITE CYCLE 



Symbol 


Test 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Units 


tzws 


Write Enable to HIGH Z 






45 






35 


ns 


tWR 


Write Recovery Time 







50 







35 


ns 


tw 


Write Pulse Width 


55 


10 




40 


10 




ns 


tWSD 


Data Setup Time Prior to Write 


5 


-5 




5 


-5 




ns 


tWHD 


Data Hold Time After Write 


5 







5 







ns 


twSA 


Address Setup Time 


15 







5 







ns 


tWHA 


Address Hold Time 


5 







5 







ns 


twscs 


Chip Select Setup Time 


5 







5 







ns 


tWHCS 


Chip Select Hold Time 


5 







5 


n 




ns 



A.C. TEST CONDITIONS 



M2125A_ 
D OUT~ 



' 30on -j- 3 °p f 

^ (INCLUDING 
SCOPE AND 
JIG) 



ALL INPUT PULSES 

h -r-- 

3.5Vp-p 



*GND — 



X 



X 



X 



- 90% 
10% 



'J 



-10% 
-90% 



READ CYCLE 



A A 9 



-A- 



D OUT 



■«OH 



Y "-: V 

/t UNDEFINED jIV 



PROPAGATION DELAY FROM CHIP SELECT 



\ 



D OU' 



a 



K 



WRITE CYCLE 



D OUT 



V 



3C 



)C 



^C3< 



•*— «WSA— *■ 

■* 'wscs — 



IIP 



••-twHA— *■ 

tWHCS - 



'ma 



(ALL ABOVE MEASUREMENTS REFERENCED TO 1.SV) 
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M2115AL, M2115A, M2125AL, M2125A 



M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 



500-Q _l_ c 

±1' 



WE 

WRITE ENABLE 


N 

"0" LEVEL 


s 


1.5V 




/ 


D OUT 


l ZWS*" 


/"" 


highz 




j- 0.5V 


"1" LEVEL 












"V O.bV 


D OUT 

DATA OUTPUT 


\- 


HIGH Z 



M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 



cs 

CHIP SELECT 


J 


/ 


1.5V 

'ZRCS 






D OUT 

DATA OUTPUT 


"0" LEVE 


/ / " HIGHZ 

_3 1 0.5V 


"1" LEVEL 




D OUT 

DATA OUTPUT 








rs — ro.sv 

^. HIGHZ 



(All tzxXX parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 



CAPACITANCE* V C c = 5V, f = 1 MHz, T A = 25°C 



Symbol 


Test 


M2115AL,M2115A 
Limits 


M2125AL f M2125A 
Limits 


Units 


Test Conditions 


Typ. 


Max. 


Typ. 


Max. 


c, 


input Capacitance 


3 


5 


3 


5 


pF 


All Inputs = 0V, Output Open 


Co 


Output Capacitance 


5 


8 


5 


8 


pF 


CS = 5V, All other inputs = 0V, 
Output Open 



*This parameter is periodically sampled and is not 100% tested. 



TYPICAL CHARACTERISTICS 



l cc vs. TEMPERATURE 



ice vs - V CC 



ACCESS TIME vs. TEMPERATURE 























M2 


115A.M2125A 


























M2 


115AL 


M212 


5AL 












































V 


CC = 5 


V 

















* 




100 


























Sm 


115A, 


M212E 


A 


90 

< 80 

E 


















































o 

" 70 


































60 


































50 










/ m 


115AL, M2125AL 


'' 










I I 
T A = 25 C 

I ! 

























M21 


15AL, 


VI2125 


AL 


















y 


















- 








M 


2115A 


M212 


>A 




























V 


X = 5 


\l 



-75 -50 -25 25 50 75 100 125 
TEMPERATURE ( C) 



-75 -50 -25 25 50 75 100 125 
TEMPERATURE ( C) 
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M2118 FAMILY 
16,384 x 1 BIT DYNAMIC RAM 

MILITARY 





M2118-12 


M2118-15 


Maximum Access Time (ns) 


120 


150 


Read, Write Cycle (ns) 


270 


320 


Read- Modify Cycle (ns) 


320 


410 



Single +5V Supply, ±10% Tolerance 

HMOS Technology 

Low Power: 138 mW Max. Operating 
11 mW Max. Standby 

Low Vdd Current Transients 

All Inputs, Including Clocks, 
TTL Compatible 



CAS Controlled Output is 

Thre e-State, TTL Compatible 

RAS Only Refresh 

128 Refresh Cycles Required 

Every 2ms 

Allows Negative Overshoot 

Vil min = -2V 

Military Temperature Range 

-55° to +85°C 



The Intel® M2118 is a 16,384 word by 1 -bit Dynamic MOS RAM designed to operate from a single + 5V power supply. The 
M2118 is fabricated using HMOS— a production proven process for high performance, high reliability, and high storage 
density. 

The M21 18 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur- 
rent transients contribute to the high noise immunity of the M2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the M2118 to be packaged in the industr y stan dard 
16-pin DIP. The two 7-bit addre ss words are latched into the M21 18 b y the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 

The M2118 three-state output is controll ed b y CAS, independent of RAS. After a valid read or read-mod if y-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, or normal read or write cycles on the 1 28 address combinations of Aq through A 6 during a 2ms period. 
A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 



PIN 
CONFIGURATION 



LOGIC SYMBOL 




— 


A 




A 1 


— 


A 2 

A3 ° IN 

A 4 

A 5 

RAS 








CAS 




WE 



A -A 6 


ADDRESS INPUTS 


CAS 


COLUMN ADDRESS STROBE 


Din 


DATA IN 


Dout 


DATA OUT 


WE 


WRITE ENABLE 


RAS 


ROW ADDRESS STROBE 


Vdd 


POWER <*5V> 


V ss 


GROUND 



u> 



^> 



CLOCK 

GENERATOR 

NO. 1 



BLOCK DIAGRAM 



^> 



1 OF 64 

ROW 

DECODERS 



:> 



1 OF 64 

ROW 

DECODERS 



128 SENSE 

AMPLIFIERS 

1 OF 64 COLUMN 

DECODERS 



o 



p 



CLOCK 

GENERATOR 

NO. 2 



WRITE 
ENABLE 
BUFFER 



DATA 
INPUT 
BUFFER 



OUTPUT 
BUFFER 
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M2118 FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -65°Cto +95°C 

Storage Temperature -65°Cto +150°C 

Voltage on any Pin Relative to V ss 7.5V 

Data Out Current 50mA 

Power Dissipation LOW 



'COMMENT: 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may af- 
fect device reliability. 



D.C. AND OPERATING CHARACTERISTICS ' 1 - 4 > 

T A = -55°Cto +85°C,Vdd = 5V ±10%,V S s = 0V, unless otherwise noted. 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Notes 


Min. 


Typ.w 


Max. 


UliI 


Input Load Current (any input) 




0.1 


10 


mA 


Vin=Vss to Vdd 




HloI 


Output Leakage Current for 
High Impedance State 




0.1 


10 


mA 


Chip Deselected: CAS at Vih, 
Vout = to 5.5V 




Iddi 


Vdd Supply Current, Standby 




1.2 


2 


mA 


CAS and RAS at Vih 




IDD2 


Vdd Supply Current, Operating 




21 


25 


mA 


M2118-4, t RC = t RC MiN 


3 




19 


23 


mA 


M2118-7, t RC = tRCMiN 


3 


IDD3 


Vdd Supply Current-, RAS-Only 
Cycle 




14 


16 


mA 


M2118-4,t RC = tpcMiN 


3 




12 


14 


mA 


M2118-7, tpc = tRCMiN 


3 


IDD5 


Vdd Supply Current, Standby, 
Output Enabled 




2 


4 


mA 


CAS at Vil, RAS at Y*h 


3 


VlL 


Input Low Voltage (all inputs) 


-2.0 




0.8 


V 






VlH 


Input High Voltage (all inputs) 


2.4 




7.0 


V 






Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




VOH 


Output High Voltage 


2.4 






V 


Iqh = -5mA 





NOTES: 

1. All voltages referenced to V S s 

2. Typical values are for TA = 25° C and nominal supply voltages. 

3. I DD is dependent on output loading when the device output is selected. Specified l DD max is measured with the output open. 

4. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 

0ja (@ 400 f PM air flow) = 45°C/W 
JA (still air) = 60°C/W 
JC = 25°C/W 



CAPACITANCE 11 

Ta = 25° C, Vdd = 5V ±10%, Vss = 0V, unless otherwise noted. 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Cn 


Address, Data In 


3 


5 


PF 


Cl2 


RAS, CAS, WE, Data Out 


4 


7 


PF 



NOTES: 

I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = L^l with AV equal to 3 volts and power supplies at nominal levels. 
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M21 18 FAMILY 



A.C. CHARACTERISTICS' 123 ' 

Ta = -55°Cto + 85°C, V D d = 5V ±10%, V S s = 0V, unless otherwise noted. 
READ, WRITE, READ-MOOIFY-WRITE AND REFRESH CYCLES 



Symbol 


Parameter 


M2118-12 


M2118-15 


Unit 


Notes 


Min. Max. 


Min. Max. 


tRAC 


Access Time From RAS 


120 


150 


ns 


4,5 


tCAC 


Access Time From CA§ 


65 


80 


ns 


4,5,6 


tREF 


Time Between Refresh 


2 


2 


ms 




tRP 


RAS Precharge Time 


120 


135 


ns 




tCPN 


CAS Precharge Time<non-pagecyc!es> 


55 


70 


ns 




tCRP 


CAS to RAS Precharge Time 








ns 




tRCD 


RAS to CAS Delay Time 


25 55 


25 70 


ns 


7 


tRSH 


RAS Hold Time 


85 


105 


ns 




tCSH 


CAS Hold Time 


120 


165 


ns 




tASR 


Row Address Set-Up Time 








ns 




tRAH 


Row Address Hold Time 


15 


15 


ns 




tASC 


Column Address Set-Up Time 








ns 




tCAH 


Column Address Hold Time 


15 


20 


ns 




tAR 


Column Address Hold Time, to RAS 


70 


90 


ns 




tT 


Transition Time (Rise and Fall)* 


3 50 


3 50 


ns 


8 


tOFF 


Output Suffer Turn Off Delay 


50 


60 


ns 




READ AND REFRESH CYCLES 


tRC 


Random Read Cycle Time 


270 


320 


ns 




tRAS 


RAS Pulse Width 


140 10000 


175 10000 


ns 




tCAS 


CAS Pulse Width 


65 10000 


95 10000 


ns 




tRCS 


Read' Command Set-Up Time 








ns 




tRCH 


Read Command Hold Time 








ns 




WRITE CYCLE 


tRC 


Random Write Cycle Time 


270 


320 


ns 




tRAS 


RAS Pulse Width 


140 10000 


175 10000 


ns 




tCAS 


CAS Pulse Width 


65 10000 


95 10000 


ns 




twcs 


Write Command Set-Up Time 








ns 


9 


twCH 


Write Command Hold Time 


30 


45 


ns 




twCR 


Write Command Hold Time, to RAS 


85 


115 


ns 




tWP 


Write Command Pulse Width 


30 


50 


ns 




tRWL 


Write Command to RAS Lead Time 


65 


110 


ns 




tCWL 


Write Command to CAS Lead Time 


50 


100 


ns 




tDS 


Data-in Set-Up Time 








ns 




tDH 


Data-in Hold Time 


30 


45 


ns 




tDHR 


Data-in Hold Time, to RAS 


85 


115 


ns 




READ-MODIFY-WRITE CYCLE 


tRWC 


Read-Modify-Write Cycle Time 


320 


410 


ns 




tRRW 


RMW Cycle RAS Pulse Width 


190 10000 


265 10000 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


120 10000 


185 10000 


ns 




tRWD 


RAS to WE Delay 


120 


150 


ns 


9 


tCWD 


CAS to WE Delay 


65 


80 


ns 


9 



All voltages referenced to Vss. 

Eight cycles are re quire d after power up or prolonged periods 

(greater than 2ms) of RAS inactivity before proper device operation is 

achieved. Any 8 cycles which perform refresh are adequate for this 

purpose. 

A.C. Characteristics assume tj = 5ns. 

Assume that tRCD^tRco(max). If tRCD is greater than tRCD (max.) 

then tRAC will increase by the amount that tRCD exceeds tRCD (max.). 

Load = 2 TTL loads and 100pF 

Assumes tRCDSrtRCD (max.). 



tRCD(max.) is specified as a reference point only. If tRCD is less than 

tRCD (max.) access time is tRAC- If tRCD is greater than tRCD (max.) 

access time is tRCD + tCAC- 

ti is measured between Vih (min.) and Vil (max.). 

twcs, tcwD and tRWD are specified as reference points only. If twcs 

2: twcs (min.) the cycle is an early write cycle and the data out pin 

will remain high impedance throughout the entire cycle. If tcwD 2: 

tcwD (min.) and tRWD s: tRWD (min.), the cycle is a read-modify-write 

cycle and the data out will contain the data read from the selected 

address. If neither of the above conditions is satisfied, the condition 

Of the data out is indeterminate. 
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M2118 FAMILY 



WAVEFORMS 













I 


KtAD LYULt 








L 


l RP *\ 


>© 


f 


m J &\ 


} v 






^ 


(?) tCRP • 














nan 




V IH 




©1 


\\\N 




r - 


CAS v„ / 


© 




/ 








*ASR " 




■*— tRAH — *- 






tASC 


- >CAH 


ADDRESSER ^ 




ROW *$/ \/ f 
ADDRESS y ^ y^ c 


COLUMN 
ADDRESS 


X 






1- 


tRCS 








tRCH® 


WE v lL 


$ 


f 








\ 


^0. 












__ t 




tAt 










®< 




D Voh HIGH 


t'~ VALID J S 
^ DATA OUT ( 


UU1 vol impedance 




©' 





















WRITE CYCLE 



D V0H - 

u out vol 



© 



\ 



®t C RP .► 

IZ7 



-M 



y ® 



© 



© 



? S£2 



ROW 
ADDRESS 



O 



© 



k 



COLUMN 
ADDRESS 



\-®' 



2 



K 



H©- 



'£ 



©, 



/ 



© 



K 




/ 



\ 



1,2. V, H MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. V 0H MIN AND V 0L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO l UT < |Ilo I- 

6. t DS AND t DH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. Irch IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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M2118 FAMILY 



WAVEFORMS 



READ-MODI FY-WRITE CYCLI 












RP - 


\ 


L^ 








RAS y ,H 1 "^ 


F ^ 


^7)t CR p-*. 














■j 


CAS v„ / 




v 3 


s\\V- 




H;rw 


z 


\__ 










-*CAH 










-*RAH 
•ASC-p* - 








•* 'rwl *■ 


t J 








l CWL 




ASR 1 










ADDRESSES V ' H \ 'U ' R0W Y Y COLUMN J / 
ADDRESSES V| ^( V ADD r ESS] \ /^ ADDRESS ,\ 






(2, 


















RWD 


HCi j 








S. 




WE ,H 


£/ 


'/ 


©tDS— I 


/ 








Jr-isr 






D,N V 




\ r? ) DATA IN ' \/ 

A VAL,D A 










"2\ 












'-U 




~-*OFF 








f l)\ 




VoH HIGH 


r VALID * 
DATA OUT 


Ul " Vol IMPEDANCE 




nd- 


: 

























RAS-ONLY REFRESH CYCLE 



\ 



:^ 



p<7) 



& 



\ 



/. -V ADDRESS ., \ 



1,2. V, H MIN AND V, L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3 A v OH MIN AND v OL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF D 0UT . 

5. t FF IS MEASURED TO Iout < |>LO I- 

6. t DS AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

17. t C RP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 



10-14 



intel 



M2147 
4096 X 1 BIT STATIC RAM 





M2147 


Max. Access Time (ns) 


85 


Max. Active Current (mA) 


180 


Max. Standby Current (mA) 


30 



HMOS Technology 

Completely Static Memory — No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single +5V Supply 

±10% Power Supply Tolerance 



Automatic Power-Down 

High Density 18-Pin Package 

Directly TTL Compatible — All Inputs 
and Outputs 

Separate Data Input and Output 

Three-State Output 

Full Military Temperature Range 



The Intel® M2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the military user this means low standby power dissipation without the need for clocks.address setup and 
hold times, nor reduced data rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the M2147— the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The M2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 



AoC 1 

Ai C 2 

A 2 L 3 

A 3 [I 4 

A 4 C 5 

AsC 6 

DoutC 7 

WEE 8 

GNDC 9 



18 3 V CC 
17 ]A 6 
16 ]A 7 
15 3 A 8 
14 ]A 9 

13 :a 10 

12 ]A„ 
11 HD| N 
10 3 CS 



A 

Ai 

A 2 

A 3 

A 4 

A 5 

A6 D UT 

Ay 

A 8 

A 9 

Aio 

An 





PIN NAMES 


Ao-An 


ADDRESS INPUTS 


V CC POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




Dout 


DATA OUTPUT 





TRUTH TABLE 



cs 


WE 


MODE 


OUTPUT 


POWER 


H 

L 

L 


X 

L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
DoUT 


STANDBY 
ACTIVE 
ACTIVE 




U=D 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -65°C to +135°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -1 .5V to +7V 

Power Dissipation 1 .2W 

D.C. Output Current 20 mA 



*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 1 ' 

Ta = -55° C to +125°C, Vcc = +5V±10%, unless otherwise specified 



Symbol 


Parameter 


Min. 


M2147 
Typ. 2 ) 


Max. 


Unit 


Test Conditionsp 


Ik. I 


Input Load Current 
(All Input Pins) 




0.01 


10 


MA 


Vcc = MAX., Vin = GND to Vcc 


IlLOl 


Output Leakage 
Current 




0.1 


50 


nA 


CS = Vih, Vcc = Max., 
Vout = GND to 4.5V 


Ice 


Operating Current 




120 


160 


mA 


T A =25°C 


Vcc=Max., CS=Vil 




180 


mA 


Ta=-55°C 


Outputs Open 


ISB 


Standby Current 




18 


30 


mA 


Vcc=Min. to Max., CS=Vih 


|p [3] 


Peak Power On 
Current 




35 


70 


mA 


Vcc=GND to Vcc Min., 
CS=Lower of Vcc or Vih Min. 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 




VlH 


Input High Voltage 


2.0 




6.0 


V 




Vol 


Output Low Voltage 


0.45 


V 


Iol = 5mA 


Voh 


Output High Voltage 


2.4 


V 


Iqh = -1.0mA 


los l4) 


Output Short Circuit 
Current 


-200 




200 


mA 


Vout = GND to Vcc 
Ta = -55° C 



Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Vcc = 5V, Ta = +25° C, and specified loading. 

3. Ice exceeds Isb maximum during power on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to keep the device 
deselected; otherwise, power-on current approaches Ice active. 

4. Duration not to exceed 30 seconds. 

A.C. TEST CONDITIONS 



Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference 

Levels 
Output Load 



GND to 3.5 Volts 
10 nsec 

1.5 Volts 
See Figure 1 



30 pF 
_L (INCLUDING 
■ SCOPE AND 
JIG) 



CAPACITANCE 

Ta = 25° C, f = 1.0MHz [ 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


pF 


v, N = ov 


C OUT 


Output Capacitance 


6 


pF 


Vqut = 0V 



Note 5. This parameter is sampled and not 100% tested. 



Figure 1. Output Load 
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M2147 

A.C. CHARACTERISTICS 

Ta = -55° C to +125°C, Vcc = +5V+10%, unless otherwise specified 

READ CYCLE 



Symbol 


Parameter 


Min. 


M2147 

Max. 


Unit 


Test 
Conditions 


tRC 


Read Cycle Time 


85 


ns 




tAA 


Address Access Time 


85 


ns 




tACS1 


Chip Select Access Time 


85 


ns 


Note 1 


tACS2 


Chip Select Access Time 


100 


ns 


Note 2 


tOH 


Output Hold from Address Change 


5 


ns 




tLZ 


Chip Selection to Output in Low Z 


10 


ns 




tHZ 


Chip Deselection to Output in High Z 





40 


ns 




tpu 


Chip Selection to Power Up Time 





ns 




tPD 


Chip Deselection to Power Down Time 


30 


ns 





WAVEFORMS 
READ CYCLE NO. 1 [3,4] 



•zx 



DATA OUT PREVIOUS DATA VALID 



xxxx 



DATA VALID 



READ CYCLE NO. 2 



[3,5] 



SUPPLY 
CURRENT l SB - 



HIGH IMPEDANCE 



7< 



(XXX 



y 



DATA VALID 



\ HIC 

J IMPED 



50% -J r 



Notes: 1. Chip deselected for greater than 55ns prior to selection. 

2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is 0ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 

3. WE is high for Read Cycles. 

4. Device is continuously selected, CS = Vil. 

5. Addresses valid prior to or coincident with CS transition low. 
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M2147 



A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 


Parameter 


M2147 
Min. Max. 


Unit 


Test 
Conditions 


twc 


Write Cycle Time 


85 


ns 




tew 


Chip Selection to End of Write 


70 


ns 




tAW 


Address Valid to End of Write 


70 


ns 




tAS 


Address Setup Time 





ns 




tWP 


Write Pulse Width 


55 


ns 




tWR 


Write Recovery Time 


15 


ns 




tDW 


Data Valid to End of Write 


35 


ns 




tDH 


Data Hold Time 


10 


ns 




twz 


Write Enabled to Output in High Z 


50 


ns 




tow 


Output Active from End of Write 





ns 





WAVEFORMS _ 

WRITE CYCLE #1 (WE CONTROLLED) 



!s Z3( 



■XEl 



aziizrL 



ta 



DATA IN VALID 



DATA UNDEFINED 



J C 



HIGH IMPEDANCE 



WRITE CYCLE #2 (CS CONTROLLED) 



■Z>( 



y 



\\\\\\\\\ S2l 



, '//////// 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 



GRAPH 1 

SUPPLY CURRENT Vs. 

SUPPLY VOLTAGE 





•cc 


















T- = 


?5 C 












'SB 













GRAPH 2 

SUPPLY CURRENT Vs. 

AMBIENT TEMPERATURE 



125 

100 
1 
~ 75 




.^Jcc 




VCC=5.0V 


























25 






















'SB 







GRAPH 3 

OUTPUT SOURCE CURRENT VS. 

OUTPUT VOLTAGE 



v C c 


5.0V 






T A 


25 C 










V. 








\ 








> 


\ 



4.50 4.75 5.00 5.25 5.50 

V cc (V) 



-55 -10 35 

T A CC) 



GRAPH 4 

NORMALIZED ACCESS TIME 

Vs. SUPPLY VOLTAGE 









Ucs 








l AA 
?5 C 






T A 











GRAPH 5 

NORMALIZED ACCESS TIME Vs. 

AMBIENT TEMPERATURE 
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GRAPH 6 

OUTPUT SINK CURRENT Vs. 

OUTPUT VOLTAGE 































Vcc- 


5.0V 






T A = 


25 C 



1.0 2.0 

Vqut (V) 



GRAPH 7 
TYPICAL POWER-ON CURRENT 
Vs. POWER SUPPLY VOLTAGE 
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GRAPH 8 

ACCESS TIME CHANGE Vs. 

INPUT VOLTAGE 
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GRAPH 9 

ACCESS TIME CHANGE Vs. 

OUTPUT LOADING 
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DEVICE DESCRIPTION 

The M2147 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation combined with device 
scaling to achieve high-performance. The speed-power 
product of this process has been measured at 1pj, 
approximately four times better than previous MOS 
processes. 

This process, combined with new design ideas, gives the 
M2147 its unique features. High speed, low power and 
ease-of-use have been obtained in a single part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in a data rate of 11.8 MHz. This is considerably 
higher performance than for clocked static designs. 

Whenever the M2147 is deselected, it automatically re- 
duces its power requirements to a fraction of the active 
power, as shown in Figure 1 . This is achieved by switching 
off the power to unnecessary portions of the internal 
peripheral circuitry. This feature adds up to significant 
system power savings. The average power per device 
declines as system size grows because a continually 
higher portion of the memory is deselected. Device power 
dissipation asymptotically approaches the standby power 
level, as shown in Figure 2. 
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FIGURE 1. i cc WAVEFORM. 



ice 




4K8K 16K 32K 64K 

MEMORY SIZE IN WORDS 

FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 



There is no functional constraint on the amount of time 
the M2147 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the M21 47 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 40ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the 
time lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACS1 and tACS2. 



SPEC LIMIT 












' 





20 40 60 80 100 

DESELECT TIME (ns) 

FIGURE 3. t ACS VS. DESELECT TIME. 

The power switching characteristic of the M2147 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1/uF to 
0.3/uF ceramic capacitor be used on every other device, 
with a 22/uF to 47/uF bulk electrolytic decoupler every 16 
devices. The actual values to be used will depend on board 
layout, trace widths and duty cycle. Power supply 
gridding is recommended for PC board layout. A very 
satisfactory grid can be developed on a two-layer board 
with vertical traces on one side and horizontal traces on 
the other, as shown in Figure 4. 
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FIGURE 4. PC LAYOUT. 

Terminations are recommended on input signal lines to 
the M21 47 devices. In high speed systems, fast drivers can 
cause significant reflections when driving the high 
impedance inputs of the M2147. Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used depends on designer 
preference and may be parallel resistive or resistive- 
capacitive. The latter reduces terminator power dis- 
sipation. 
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M2147H 
HIGH SPEED 4096 x 1 BIT STATIC RAM 



MILITARY 





M2147H-3 


M2147H 


Max. Access Time (ns) 


55 


70 


Max. Active Current (mA) 


180 


180 


Max. Standby Current (mA) 


30 


30 



Pinout, Function, and Power Com- 
patible to Industry Standard M2147 

HMOS n Technology 

Completely Static Memory— No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single + 5V Supply 



Direct Performance Upgrade for M2147 

Automatic Power- Down 

High Density 18-Pin Package 

Separate Data Input and Output 

Three-State Output 

Full Military Temperature Range 
-55°Cto +125°C 



The Intel® M2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using 
HMOS II, Intel's next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high— -deselecting the 
M2147H— the part automatically reduces its power requirements and remains in this low power standby 
mode as long as CS remains high. This device feature results in system power savings as great as 85% in 
larger systems, where the majority of devices are deselected. 

The M2147H is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL 
compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestructively 
and has the same polarity as the input data. A data input and a separate three-state output are used. 



PIN CONFIGURATION 



LOGIC SYMBOL 



AoC 
Aid 
A 2 C 

A 3 C 
A4C 
AsC 

DoutC 

weC 

gndC 



Dv cc 

DA 6 

Da 7 

DA8 

Da, 
Da 10 

I] An 

]D|N 

USs 



— 


Ao 





Ai 





A 2 





A 3 





A 4 





As 





A6 DoUT 





A 7 





A 8 




A 9 




A10 




An 




D| N WE CS 



M2147H 



rr 





PIN NAMI 


ES 


A0-A11 


ADDRESS INPUTS 


V C c POWER (+5V) 


WE 


WRITE ENABLE 


GND GROUND 


CS 


CHIP SELECT 




Din 


DATA INPUT 




DquT 


DATA OUTPUT 





TRUTH TABLE 



es 


m. 


MODE 


OUTPUT 


POWER 


H 
L 
L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIGHZ 
HIGHZ 
DQUT 


STANDBY 
ACTIVE 
ACTIVE 



BLOCK DIAGRAM 




®1 L 13 
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ABSOLUTE MAXIMUM RATINGS* ''COMMENT: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 

Temperature Under Bias - 65 °C to + 135°C to the device. This is a stress rating only and functional 

Storage Temperature - 65 °C to + 150°C operation of the device at these or any other conditions 

Voltage on Any Pin above those indicated in the operational sections of this 

With Respect to Ground - 3.5V to + 7V specification is not implied. Exposure to absolute maxi- 

Power Dissipation 1.2W mum rating conditions for extended periods may affect 

D.C. Output Current 20 mA device reliability. 



D.C. AND OPERATING CHARACTERISTICS™ 

(T A = -55°Cto +125°C, V cc = + 5V ± 10%, unless otherwise noted.) 



Symbol 


Parameter 


M2147H3, M2147H 


Unit 






Min. 


Typ.I2] 


Max. 


Test Conditions 


Ml. I 


Input Load Current (All Input Pins) 




0.01 


10 


/*A 


V cc = Max., V, N = GND to V cc 


IIloI 


Output Leakage Current 




0.1 


50 


lik 


C§ = V| H , V C c = Max., 
V OU T=GNDto4.5V 


•cc 


Operating Current 




120 


170 


mA 


T A = 25°C 


V cc = Max., CS = V, L , 
Outputs Open 




180 


mA 


T A = -55°C 


■sB 


Standby Current 




18 


30 


mA 


V C c = Min - t0 Max., CS = V )H 


W 3] 


Peak Power-On Current 




35 


70 


mA 


V cc = GNDtoV cc Min. 

CS = Lower of V C c or V| H Min. 


V,L 


Input Low Voltage 


-3.0 




0.8 


V 




V,H 


Input High Voltage 


2.0 




6.0 


V 




Vol 


Output Low Voltage 






0.4 


V 


l L=8mA 


Voh 


Output High Voltage 


2.4 






V 


| 0H = -4.0 mA 



NOTES: 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 

0ja (@ 400 f PM air flow) = 40°C/W 
JA (still air) = 70 °C/W 
JC = 25°C/W 

2. Typical limits are at V CC = 5V, T A j= + 25 °C, and Load A. 

3. A pull-up resistor to V cc on the CS input is required to keep the device deselected; otherwise, power-on Current approaches Ice 
active. 

Vcc 



A.C. TEST CONDITIONS 



Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 

Input Timing Reference Levels 1 .5V 

Output Timing Reference Levels 0.8-2.0V 

Output Load See Load A 



30 pF 

(INCLUDING 
SCOPE AND 
JIG) 



1 



Load A 



CAPACITANCE' 4 ' (T A =25°c,f=i.0MHz) 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


PF 


v, N = QV 


C OUT 


Output Capacitance 


6 


PF 


V O ut = 0V 



NOTE: 

4. This parameter is sampled and not 100% tested. 



Z=5pF 



Load B 
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M2147H 



A.C. CHARACTERISTICS (T A = -55°C to + 125°C, V cc = + 5V ± 10%, unless otherwise noted.) 

Read Cycle 


Symbol 


Parameter 


M2147H-3 
Min. Max. 


M2147H 
Min. Max. 


Unit 


Test Conditions 


tRC [1] 


Read Cycle Time 


55 


70 


ns 




Ua 


Address Access Time 


55 


70 


ns 




Ucsi 


Chip Select Access Time 


55 


70 


ns 


Note 8 


UCS2 


Chip Select Access Time 


65 


80 


ns 


Note 9 


*OH 


Output Hold from Address Change 


5 


5 


ns 




tLZ [2 ' 71 


Chip Selection to Output in Low Z 


10 


10 


ns 


Note 3 


t HZ [2,7] 


Chip Deselection to Output in High Z 


30 


40 


ns 


Note 3 


tpu 


Chip Selection to Power Up Time 








ns 




tpD 


Chip Deselection to Power Down Time 


20 


30 


ns 





WAVEFORMS 



Read Cycle No. 1I"- 5 ' 



•ZX 



DATA OUT PREVIOUS DATA VALID 



IXZX 



3E 



DATA VALID 



Read Cycle No. 2™ 



v C c 

SUPPLY 
CURRENT l SB 



HIGH IMPEDANCE 



y 



(XXI 



DATA VALID 



\ HIC 

J IMPED 





NOTES: 

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and from device to device. 

3. Transition is measured ± 500 mV from steady state voltage with Load B. 

4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = V tL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 

8. Chip deselected for greater than 55 ns prior to selection. 

9. Chip deselected for a finite time that is less than 55 ns prior to selection. (If the deselect time is ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1) 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 


Symbol 


Parameter 


M2147H-3 
Min. Max. 


M2147H 
Min. Max. 


Unit 


Test Conditions 


two' 21 


Write Cycle Time 


55 


70 


ns 




*cw 


Chip Selection to End of Write 


45 


55 


ns 




*AW 


Address Valid to End of Write 


45 


55 


ns 




tAS 


Address Setup Time 








ns 




t W p 


Write Pulse Width 


25 


40 


ns 




*WR 


Write Recovery Time 


10 


15 


ns 




*DW 


Data Valid to End of Write 


25 


30 


ns 




*DH 


Data Hold Time 


10 


10 


ns 




*WZ 


Write Enabled to Output in High Z 





25 


35 


ns 


Note 3 


tow 


Output Active from End of Write 








ns 


Note 3 



WAVEFORMS 
Write Cycle No. 1 

(WE CONTROLLED)! 4 ! 



Write Cycle No. 2 

(CS CONTROLLED)! 4 ! 



-IDC 



m 



ex 



tJJ Jllt / 



m 



DATA IN VALID 



DATA UNDEFINED 



J r 



— «ow — 

HIGH IMPEDANCE 



J r 



- \\\\\\\^ XX2l 



///////// 



DATA IN VALID 



DATA UNDEFINED 



HIGH IMPEDANCE 



NOTES: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady state voltage with Load B. 

4. CS or WE must be high during address transitions. 



10-24 



Jntpl M2148H 

HIGH SPEED 1024 x 4 BIT STATIC RAM 



MILITARY 





M2148H 


Max. Access Time (ns) 


70 


Max. Active Current (mA) 


180 


Max. Standby Current (mA) 


30 



HMOS S Technology 

Completely Static Memory— -No Clock 
or Timing Strobe Required 

Equal Access and Cycle Times 

Single + 5V Supply 

Automatic Power-Down 



High Density 18-Pin Package 

Industry Standard M2114A Pinout 

Common Data Input and Output 

Three-State Output 

Full Military Temperature Range 
-55°Cto +125°C 



The Intel® M2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOSH, a high-performance MOS technology. It uses a uniquely innovative design approach which pro- 
vides the ease-of-use features associated with non-clocked static memories and the reduced standby 
power dissipation associated with clocked static memories. To the user this means low standby power 
dissipation without the need for clocks, address setup and hold times, nor reduced data rates due to cycle 
times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high— disabling the M2148H 
—the part_automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are disabled. 

The M2148H is placed in an 18-pin package configured with the industry standard 1Kx4 pinout. It is 
directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out 
nondestructively and has the same polarity as the input data. 



PIN CONFIGURATION LOGIC SYMBOL 



AeC 1 

A5C 2 

A4C 3 

A3C 4 

AoC 5 

AlC 6 

A2d 7 

esc 8 

GNOC 9 




M2148H r 




PIN NAMES 


V*9 


ADDRESS INPUTS 


WE 


WRITE ENABLE 


CS 


CHIP SELECT 


l/OH/04 


DATA INPUT/OUTPUT 


Vcc 


POWER ( +5 V) 


QND 


GROUND 



TRUTH TABLE 



CS 


WE 


MODE 


I/O 


POWER 


H 

L 
L 


X 
L 
H 


NOT SELECTED 
WRITE 
READ 


HIGH-Z 
Din 
°OUT 


STANDBY 
ACTIVE 
ACTIVE 



-Q_ 



AS^- 






@ 



JK 



CS-& 



BtSLirO 



BLOCK DIAGRAM 



-tr= 



-fez 



MEMORY ARRAY 

64 ROWS 

64 COLUMNS 






INPUT 

DATA 

CONTROL 




POWER 
DOWN |— J 
CIRCUIT 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



$®£<$($ 



® 



O = PIN NUMBERS 






±: 
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ABSOLUTE MAXIMUM RATINGS* 'COMMENT: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent damage 

Temperature Under Bias - 65 °C to + 135°C to the device. This is a stress rating only and functional 

Storage Temperature - 65 °C to + 150°C operation of the device at these or any other conditions 

Voltage on Any Pin above those indicated in the operational sections of this 

With Respect to Ground - 3.5V to + 7V specification is not implied. Exposure to absolute maxi- 

Power Dissipation 1.2W mum rating conditions for extended periods may affect 

D.C. Output Current 20 mA device reliability. 



D.C. AND OPERATING CHARACTERISTICS™ 

(T A = -55°Cto +125°C, V cc = +5V ±10%, unless otherwise noted.) 



Symbol 


Parameter 


M2148H 


Unit 






Min. Typ.ra 


Max. 


Test Conditions 


I<liI 


Input Load Current (All Input Pins) 


0.01 


10 


fiA 


V cc = Max., V| N = GND to V cc 


IIloI 


Output Leakage Current 


0.1 


50 


yA 


CS = V, H ,V C c=Max., 
V UT = GNDto4.5V 


•cc 


Operating Current 


120 


180 


mA 


T A = -55°C 


V cc = Max, CS = V| L , 
Outputs Open 


'SB 


Standby Current 


15 


30 


mA 


V C c = Min. to Max., CS = V m 


W 3] 


Peak Power-On Current 


25 


50 


mA 


Vcc = GNDtoV cc Min. 
CS= Lower of V C c or V| H Min. 


V|L 


Input Low Voltage 


-3.0 


0.8 


V 




V,H 


Input High Voltage 


2.1 


6.0 


V 




Vol 


Output Low Voltage 


0.4 


V 


'ol= 8 mA 


Vqh 


Output High Voltage 


2.4 


V 


I h= -4.0 mA 



NOTES: 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 

0ja (@ 400 f PM air flow) = 40 °C/W 
JA (still air) = 70°C/W 
0jc = 25°C/W 

2. Typical limits are at V cc = 5V, T A = + 25 °C, and Load A. 

3. A pull-up resistor to V cc on the CS input is required to keep the device deselected; otherwise, ppwer-on current approaches l cc 
active. 

+5V 



A.C. TEST CONDITIONS 



Input Pulse Levels , 


GND to 3.0V 


Input Rise and Fall Times 


5 ns 


Input and Output Timing Reference 




Levels 


1.5V 


Output Load 


See Load A 



480O 



30 pF 
J- (INCLUDING 
~~ SCOPE AND 

JIG) 



Load A 



CAPACITANCE^ (T A = 25°c, f = i.o MHz) 



Symbol 


Parameter 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


5 


PF 


v, N = ov 


C l/0 


Input/Output 
Capacitance 


7 


PF 


V| /o = 0V 



NOTE: 

4. This parameter is sampled and not 100% tested. 



+5V 

\ < 480O. 



Dqut- 



2550 < d=. 5pF 



Load B 
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A.C. CHARACTERISTICS (T A = -55°C to + 125°C, V cc = +5V ± 10% unless otherwise noted.) 

Read Cycle 


Symbol 


Parameter 


M2148H 
Min. Max. 


Unit 


Test Conditions 


*RC 


Read Cycle Time 


70 


ns 




*AA 


Address Access Time 


70 


ns 




*ACS1 


Chip Select Access Time 


70 


ns 


Note 1 


*acs2 


Chip Select Access Time 


80 


ns 


Note 2 


^OH 


Output Hold from Address Change 


5 


ns 




tLZ 


Chip Selection Output in Low Z 


20 


ns 


Note 6 


tHZ 


Chip Deselection to Output in High Z 


20 


ns 


Note 6 


tpu 


Chip Selection to Power Up Time 





ns 




*PD 


Chip Deselection to Power Down Time 


30 


ns 





WAVEFORMS 
Read Cycle No. 1! 3 < 4 ' 



•ZX 



t RC 



t AA - 



-toH" 



DATA OUT PREVIOUS DATA VALID 



3EZX1 



DATA VALID 



Read Cycle No. 2™ 



cs 



y 



-*ACS - 



HIGH IMPEDANCE 



I 



<xxx 



DATA VALID 



-tpo - 



NOTES: _ 

1. Chip deselected for greater than 55 ns prior to CS transition low. 

2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is ns, the chip is by defini- 
tion selected and access occurs according to Read Cycle No. 1.) 

3. WE is high for Read Cycles. 

4. Device is continuously selected, CS = V IL . 

5. Address valid prior to or coincident with CS transition low. 

6. Transition is measured ± 500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 


Symbol 


Parameter 


M2148H 
Min. Max. 


Unit 


Test Conditions 


twc 


Write Cycle Time 


70 


ns 




tew 


Chip Selection to End of Write 


65 


ns 




*AW 


Address Valid to End of Write 


65 


ns 




tAS 


Address Setup Time 





ns 




twp 


Write Pulse Width 


50 


ns 




t\A/R 


Write Recovery Time 


5 


ns 




tpw 


Data Valid to End of Write 


25 


ns 




*DH 


Data Hold Time 





ns 




*WZ 


Write Enabled to Output in High Z 


25 


ns 


Note 2 


*OW 


Output Active from End of Write 





ns 


Note 2 



WAVEFORMS 
Write Cycle No. 1 

(WE CONTROLLED) 















wc 






















ADDRESS ) 


( )( 














^ 




i 




csm 2S 


s 


Y////////////////////, 






tAW 


■■** 


* 






"*" 










-tw 




WR 


WE 




\ 


s 


s 


7 


r — - - ■■ 












l DH 














DATA IN 


) 


{ DATA IN VALID )£ 






-« — t wz — ^ 


HIGH IMPEDANCE 


-<-t ov ^ 






DATA 




./ 










/ 








v 





Write Cycle No. 2 

(CS CONTROLLED) 



zx 



£3 



- twe- 



-tcw- 



V 



j r 



\\\\\\\\\\\\\\\ 



H — *dw- 

% DATA II 



, W////////////////, 



^DH^ 



DATA IN VALID 



-t W z- 



DATA UNDEFINED 



HIGH IMPEDANCE 



NOTES: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. Transition is measured ±500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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M2716/M2716M 
16K (2K x 8) UV ERASABLE PROM 

MILITARY 



■ Military Temperature Range 
M2716M: -55°C to 125°C 
M2716: -55°Cto 100°C 

■ 5V±10%V CC 

■ Pin Compatible to Intel's M2732 32K 
EPROM 



■ Fast Access Time; 450 ns maximum 

■ Static Standby Mode 

■ Low Power Dissipation of 165 mW 
maximum standby power 

■ Inputs and Outputs TTL Compatible 
during Read and Program 



The Intel® M2716M and M2716 are 16 384-bit ultraviolet erasable and electrically programmable read only 
memories (EPROMs) specified over the military and extended temperature range respectively. They operate 
from a single +5V power supply, have a static power-down mode, and feature fast, single-address location 
programming. It makes designing with EPROMs faster, easier and more economical. Both products are 
manufactured from the same dice. Except for the operating temperature range, both products have the same 
electrical and programming specifications. 

The M2716/M2716M has a static standby mode which reduces the power dissipation without increasing 
access time. The active power dissipation is reduced by over 60% in the standby power mode. Both are pin 
compatible to Intel's 32K military EPROM, the M2732. 

The M2716/M2716M has the simplest and fastest method devised yet for programming EPROMs— single pulse 
TTL level programming. No need for high voltage pulsing because all programming controls are handled by 
TTL signals. Program any location at any time — either individually, sequentially or at random, with the 
M271 6's single-address location programming. Total programming time for all 1 6,384 bits is only 1 00 seconds. 



PIN CONFIGURATIONS 



MODE SELECTION 





PIN NAMES 



Ao-A 10 


ADDRESSES 


CE/PGMl 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


°0-°7 


OUTPUTS 



^\ PINS 
MODE ^\ 


CE/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


v C c 

(24) 


OUTPUTS 
(9-11, 13-17) 


Read 


V| L 


V|L 


+5 


+5 


D OUT 


Standby 


V|H 


Don't Care 


+5 


+5 


High Z 


Program 


Pulsed V|i_ to V|h 


V|H 


+25 


+5 


D|N 


Program Verify 


V|L 


V|L 


+25 


+5 


DOUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


High Z 



BLOCK DIAGRAM 



OUTPUT ENABLE 
CHIP ENABLE AND 
PROG LOGIC 



AQ.-A1Q. 

ADDRESS 

INPUTS 



OUTPUT BUFFERS 
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PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 

Absolute Maximum Ratings* * Notice: 

Temperature Under Bias -65°C to + 135°C Stresses above those listed under "Absolute Maximum Ratings" 

Storage Temperature . . -65°C to + 150°C ma y cause P ermanent da ™ge to the device. This is a stress 

_ , . . rating only and functional operation of the device at these or any 

All Input or Output Voltages with other conditions above those indiC ated in the operational sec- 
Respect to Ground + 6V to - 0.3V tjons of thjs specification is not implied. Exposure to absolute 

V PP Supply Voltage with Respect maximum rating conditions for extended periods may affect de- 

to Ground During Program + 26.5V to - 0.3V vice reliability. 



D.C. AND A.C. READ OPERATING CONDITIONS 





Temperature Range 


v cc 


Vp P 


M2716M 


-55°Cto + 125°C 


5V±10% 


Vcc 


M2716 


-55°Cto + 100°C 


5V±10% 


v cc 



D.C. Characteristics 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ[3] 


Max. 


Ili 


Input Load Current 






10 


^ 


V, N = 5.5V 


Ilo 


Output Leakage Current 






10 


^ 


V 0U T= 5.5V 


|p P1 [2] 


V PP Current 






5 


mA 


V PP = 5.5V 


Icci' 21 


Vcc Current (Standby) 




10 


30 


mA 


CE = V| H , OE = V| L 


l CC2 [2] 


Vcc Current (Active) 




57 


115 


mA 


OE = CE = V, L 


V,L 


Input Low Voltage 


-0.1 




0.8 


V 




V, H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


l 0L =2.1 mA 


Voh 


Output High Voltage 


2.4 






V 


| 0H = - 400 M A 



NOTES: 1. Vqq must be applied simultaneously or before V pp and removed simultaneously or after V pp . 

2. Vpp may be connected directly to Vqq except during programming. The supply current would then be the sum of \qq and l ppi . 

3. Typical values are for T A = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

Typical Characteristics 



Ice CURRENT 
TEMPERATURE 







































































ICC2 ACTIVE CURRENT 
CE = V, L 

I V | CC= | V I 


2s 
















I 


I I I I 
CC1 STANDBY CURRENT 












CE = V, H 
. V CC = 5V 





























ACCESS TIME 








CAPACITANCE 


600 




















500 
f 400 
►? 300 

200 


















































































100 






















































) 20 40 60 
TEMPERATURE (°C) 



r 500 

i 400 

300 

200 



ACCESS TIME 
TEMPERATURE 

























































= 5V 


















Vcc 























































































100 200 300 400 500 600 700 800 
C L .(pF) 



-60 -40 -20 20 40 60 
TEMPERATURE (°C) 
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A.C. Characteristics 


Symbol 


Parameter 


Limits 


Unit 


Test 
Conditions 


Min. 


Typ. 


Max. 


^CC 


Address to Output Delay 






450 


ns 


CE = OE = V, L 


^E 


CE to Output Delay 






450 


ns 


OE = V |L 


*OE 


Output Enable to Output Delay 






150 


ns 


CE=V |L 


^F 


Output Enable High to Output Float 







130 


ns 


CE = V |L 


^H 


Output Hold From Addresses, CE or 
01 Whichever Occurred First 









ns 


CE=OE = V |L 



Capacitance^ T A = 25 °C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C IN 


Input Capacitance 


4 


6 


PF 


v IN = ov 


CqUT 


Output Capacitance 


8 


12 


PF 


V O ut = 0V 



A.C. Waveforms 151 



X 



OE- 



ADDRESSES 
VALID 



\ 



tCE 

(450 MAX.)" 



\ 



tOE 
«*-(150MAX.)-»- 

[6] 



*ACC 
■ (450 MAX.) - 

[6] 



^M 



A.C. Test Conditions: 

Output Load: 1 TTL gate and C L = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



x 



J- 



f 



tOH 

(O) " 



VALID OUTPUT 




tDF 

(130 MAX.) 
[7] 



NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultane- 
ously or after V pp . 

2. Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Ice and Ippi. 

3. Typical values are for Ta = 25° C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

6. OE may be delayed up to tAcc - *OE after the falling edge of CE without 
impact on tACC- 

7. tQF is specified from OE or CE, whichever occurs first. 
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DEVICE OPERATION 



PROGRAMMING 



The five modes of operation of the M2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a + 5V V cc and a V PP . The V PP power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 

MODE SELECTION 



^\^ PINS 
MODE ^s. 


CE'/PGM 
(18) 


OE 

(20) 


Vpp 

(21) 


v C c 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


VlL 


+5 


+5 


D OUT 


Standby 


V|H 


Don't Care 


+5 


+5 


HighZ 


Program 


Pulsed V|l to V|h 


V|H 


+25 


+5 


D|N 


Program Verify 


V|L 


V|L 


+25 


+5 


D OUT 


Program Inhibit 


V|L 


V|H 


+25 


+5 


HighZ 



READ MODE 

The M2716 has two control functions, both of which 
must be logically satisfied^ in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (t AC c) is equal to the delay from CE to output (t CE ). 
Data is available at the outputs 150 ns (t E) after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least t ACC -t E- 



Initially, and after each erasure, all bits of the M2716 are 
in the "1" state. Data is introduced by selectively pro- 
gramming "0's" into the desired bit locations. Although 
only "0's" wil be programmed, both "1's" and "0's" can 
be presented in the data word. The only way to change a 
"0" to a "1" is by ultraviolet light erasure. 

The M2716 is in the programming mode when the V PP 
power supply is at 25V and 5E is at V| H . The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL 

When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. 
The M2716 must not be programmed with a DC signal 
applied to the CE input. 

Programming of multiple M2716's in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled M2716's may be connected together when 
they are programmed with_the same data. A high level 
TTL pulse applied to the CE input programs the paral- 
leled M2716's. 



STANDBY MODE 

The M2716 has a standby mode which reduces the ac- 
tive power dissipation by 75%, from 633 mW to 165 mW. 
The M2716 is placed in the standby mode by applying a 
TTL high special to the CE input. When in standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 



PROGRAM INHIBIT 

Programming of multiple M2716's in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like units (including OE) of the parallel M2716's may 
be common. A TTL level program pulse applied to a 
M2716's CE input with V PP at 25V will program that 
M2716. A low level CE input inhibits the other M2716 
from being programmed. 



OUTPUT ORTIEING 



Because M2716's are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line control function allows for 

a) the lowest possible memory power dissipation, and, 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and used as the 
primary device selecting function, while 5E (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 



PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with V PP at 25V. Except during 
programming and program verify, V PP must be at 5V. 



DEVICE RELIABILITY 

The M2716 is built on a proven 2 layer polysilicon NMOS 
technology. Extensive testing and monitoring has al- 
lowed us to achieve failure rates equal to other memory 
devices. For detailed failure rate predictions and reli- 
ability data, request Intel 2716 Reliability Report 19A. 
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M2732 
32K (4K x 8) UV ERASABLE PROM 

MILITARY 



PKiyMDNiArav 



Military Temperature Range: 
M2732:-55°Cto+100°C 
M2732/S8416: -55°Cto +125°C 

Industry Standard Pinout . . . JEDEC 
Approved 

Fast Access Time: 450 ns Maximum 
(M2732) 



■ 5V±10%V CC 

■ Low Power Dissipation: 
150 mA Max. Active Current 
45 mA Max. Standby Current 

■ Pin Compatible to Intel® M2716 EPROM 

■ Three-State Output for Direct Bus 
Interface 

The Intel M2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The M2732 operates from a single 5-volt power supply, has a standby mode, and features an output 
enable control. The pinout is an industry standard and is compatible to the JEDEC committee approved pin- 
outs for 16K to 64K bit EPROMs. This standardization, and with a 28-pin site design, allows easy upgrade to 
higher densities without changing board designs. 

An important feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). 
The OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note 
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's EPROMs. 
AP-72 is available from Intel's Literature Department. 

The M2732 has a standby mode which reduces the power dissipation without increasing access time. The 
maximum active current is 150 mA, while the maximum standby current is only 45 mA, a 70% savings. The 
standby mode is achieved by applying a TTL-high signal to the CE input. 

The M2732/S8416 has the same electrical specifications as the M2732 but operation is over the military tem- 
perature range (-55°C to 125°C) at a 550 ns access time. It is ideal for applications which require a wider 
temperature range than the M2732 and high performance is not a requirement. 



PIN CONFIGURATION 




MODE SELECTION 



MODE^v^ 


CE 

(18) 


OE/Vpp 
(20) 


v C c 

(24) 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


V,L 


+5 


D OUT 


Standby 


V,H 


Don't Care 


+5 


HighZ 


Program 


V| L 


V PP 


+5 


Din 


Program Verify 


V|L 


V|L 


+5 


D OUT 


Program Inhibit 


V, H 


V PP 


+5 


High Z 



BLOCK DIAGRAM 



PIN NAMES 



Ao-An 


ADDRESSES 


CE 


CHIP ENABLE 


51 


OUTPUT ENABLE 


o -o 7 


OUTPUTS 



vcco- 

GNOO- 
Vppo- 



OE- 

cl- 



A0-A11 

ADDRESS 

INPUTS 



JOE AND 
CE LOGIC 



DATA OUTPUTS 
O0-O7 



OUTPUT BUFFERS 



32,768-BIT 
CELL MATRIX 
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PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 

ABSOLUTE MAXIMUM RATINGS* comment 

_ . . . _. .. 6p ... - Stressesabove those listed under "Absolute Maximum Ratings" may cause 

Temperature Under bias -DO U TO + IJO U permanent damage to the device. This is a stress rating only and functional 

Storage Temperature — 65°C tO + 150°C operation of the device at these or any other conditions above those 

All Inn t n t t w it th indicated in the operational sections of, this specification is not implied. 

All input Or UUtput Voltages Wltn Exposure to absolute maximum rating conditions for extended periods 

Respect to Ground +6V to -0.3V may affect device reliability 



D.C. AND A.C. READ OPERATING CONDITIONS 





Temperature Range 


Vcc 


M2732 


-55°Cto +100°C 


5 V ±10% 


M2732 S8416 


-55°Cto +125°C 


5V ±10% 



READ OPERATION 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.MI 


Max. 


lLI1 


Input Load Current (except OE/Vpp) 






10 


MA 


V, N = 5.5V 


lLI2 


OE/Vpp Input Load Current 






10 


mA 


V, N = 5.5V 


Ilo 


Output Leakage Current 






10 


MA 


V OU T=5.5V 


icci 


Vcc Current (Standby) 




15 


45 


mA 


CE = Vih, OE = Vil 


ICC2 


Vcc Current (Active) 




85 


150 


mA 


OE = CE - Vil 


VlL 


Input Low Voltage 


-0.1 




0.8 


V 




VlH 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


lOL = 2.1mA 


VOH 


Output High Voltage 


2.4 






V 


Ioh = -400/xA 



Note: 1. Typical values are for Ta = 25° C and nominal supply voltages. 



TYPICAL CHARACTERISTICS 



l cc CURRENT 
VS. TEMPERATURE 



























































I™, ( 


ACTI\ 














CE = V IL 












v cc 


• I 
































[C 


d (STANDBY CURREN 
"=V| H 
C = 5V 


n 








Vc 











































CE TO OUTPUT DELAY (t CE ) 
VS. CAPACITANCE 
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A.C. CHARACTERISTICS 


Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. [1] 


Max. 


Ucc 


Address to Output Delay 


M2732 






450 


ns 


CE = OE = V IL 


M2732/S8416 






550 


t C E 


CE to Output Delay 


M2732 






450 


ns 


OE = V IL 


M2732/S8416 






550 


t E 


Output Enable to Output Delay 






150 


ns 


CE = V IL 


t D F 


Output Enable High to Output Float 







130 


ns 


CE = V IL 


toH 


Address to Output Hold 









ns 


CE = OE = V IL 



CAPACITANCE m t a =25°c, f = iMHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N1 


Input Capacitance 
Except OE/Vpp 


4 


6 


PF 


Vin = ov 


ClN2 


OE/Vpp Input 
Capacitance 




20 


PF 


Vin = ov 


COUT 


Output Capacitance 




12 


PF 


VOUT = 0V 



A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and Cl = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 

Inputs 1Vand2V 

Outputs 0.8V and 2V 



A.C. WAVEFORMS 



ADDRESSES 



X 



\ 



ADDRESSES 
VALID 



tOE 
[2] 



tACC_ 
[2] 



:< 



WL.r3& 



NOTES: 

1. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 

2. 0"E MAY BE DELAYED UP TO t AC c-t 0E AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON t AC 

3. t 0F IS SPECIFIED FROM OE or CE, WHICHEVER OCCURS FIRST. 
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M2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 

MILITARY 



■ HMOS*-E FLOTOX Cell Design 

■ Reliable Floating Gate Technology 

■ Very Fast Access Time 
— 300 ns Max. — M2816 

■ Single Byte Erase/Write Capability 

■ 10 ms Byte Erase/Write Time 

■ Chip Erase Time of 10 ms 



■ Conforms to JEDEC Byte-Wide Family 
Standard 

■ Microprocessor Compatible 
Architecture 

■ Low Power Dissipation 
—825 mW Max, Active Power 
—192 mW Max. Standby Power 

■ Erase/Write Specifications 
Guaranteed -55°C-+125°C 



The Intel® M281 6 is a 1 6,384 bit electrically eraseable programmable read-only memory (E PROM). The M2816 
can be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-vo!t pulse. 

The M2816, with its very fast read access speed, is compatible with high performance microprocessors such 
as the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 

The electrical erase/write capability of the M2816 makes it ideal for a wide variety of applications requiring 
in-system, non-volatile erase and write. Never before has in-system alterability been possible with this 
combination of density, performance and flexibility. Any byte can be erased or written in 10 ms without 
affecting the data in any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total 
time to rewrite all 2K bytes to be cut by 50%. The M2816 provides a significant increase in flexibility allowing 
new applications (dynamic reconfiguration, continuous calibration) never before possible. 

The M2816 E 2 PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumpiioA-4s-redxiced by 
over 77% without increasing access time. The standby mode is achieved by applying a uL-high signal to the 
CE input. 

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21 VV PP pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 

*HMOS-E is a patented process of Intel Corporation. 



Vcc 
GND i 
V PP 



A0-A10 

ADDRESS 

INPUTS 



DATA INPUTS/OUTPUTS 

l /O -l 7 /O 7 









HHIMt 




OUTPUT ENABLE 
CHIP ENABLE 
ANDE/W LOGIC 




INPUT/ 
OUTPUT 
BUFFERS 


















Y 
DECODER 




YGATING 












X 
DECODER 


16,384-BIT 
CELL MATRIX 






— 










A0-A10 


ADDRESSES 


Cl 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


O O 7 


DATA OUTPUTS 


l -l7 


DATA INPUTS 


V P p 


PROGRAM VOLTAGE 



Figure 1. M2816 Functional Block Diagram Figure 2. Pin Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE: Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This is a 

. stress rating only and functional operation of the device at these 

Temperature Under Bias -10 C to +80^C or any other conditions above those indicated in the operational 

Storage Temperature -65°C to +125°C sections of this specification is not implied. Exposure to absolute 

All Input or Output Voltages with maximum rating conditions for extended periods may affect 

Respect to Ground +6V to -0.3V device reliability. 

VppSupply Voltage with Respect 
to Ground During Program + 22.5V to -0.3V 

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 





M2816 


Temperature Range 


-55°C-+125°C 


V cc Power Supply 1101 


5V ± 10% 



D.C. CHARACTERISTICS 
Read Operation 



Symbol 


Parameter 


Limits 


Units 


Conditions 


Min. 


Ty P . [1] 


Max. 


Ili 


Input Leakage Current 






10 


/jlA 


V, N = 5.25V 


•lo 


Output Leakage Current 






10 


/utA 


V 0UT = 5.25V 


•CC2 


Vcc Current (Active) 






150 


mA 


OE = CE = V, L 


•cci 


V C c Current (Standby) 






35 


mA 


CE = V, H 


'PP(R) 


Vpp Current (Read) 






5 


mA 


CE = V IL ,Vp P = 4 to 6 


V, L 


Input Low Voltage 


-0.1 




.8 


V 




V, H 


Input High Voltage 


2.0 




Vcc + 1 


V 




Vol 


Output Low Voltage 






.45 


V 


Iol = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


l H = -400/uA 


Vpp 


Read Voltage 


4 




6 


V 




Write Operation 


Symbol 


Parameter 


Limits 


Units 


Conditions 


Min. 


Typ. 


Max. 


v PP 


Write/Erase Voltage 


20 


21 


22 


V 




' PP(W) 


Vpp Current (Write/Erase) 






15 


mA 


CE = V IL 


VOE 


OE Voltage (Chip Erase) 


9 




15 


V 


Iqe = 10/xA 


'PP(I) 


Vpp Current Inhibit 






5 


mA 


V pp = 21, CE = VIH 



For footnotes see page 12. 
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A.C. CHARACTERISTICS 



Write Mode 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


Tas 


Add to V P p Set-Up Time 


150 






ns 




T C s 


CE to V PP Set-Up Time 


150 






ns 




Tqs 


Data to Vpp Set-Up Time 









ns 




T DH 


Data Hold Time 


50 






ns 


V=6V 


Twp [9] 


Write Pulse Width 


9 


10 


15 


ms 




T WR 


Write Recovery Time 


50 






ns 


V=6V 


Tos 


Chip Clear Set-Up Time 









ns 


V=8V 


T OH 


Chip Clear Hold Time 









ns 


V=8V 


T PRC 


Vpp RC Time Constant 


450 


600 


750 


/£S 




W' 


Vpp Fall Time 






100 


fxS 


V=6V 



Read Mode 



Symbol 


Parameter 


M2816 Limits 


Unit 


Test 
Conditions 


Min. 


Ty P . [1] 


Max. 


Ucc 


Address to Output Delay 






300 


ns 


CE=OE=V, L 


tcE 


UE to Output Delay 






300 


ns 


OE=V IL 


t0E 


Output Enable to Output Delay 


10 




100 


ns 


CE=V, L 


tDF 


Output Enable High to Output 
Float 







80 


ns 


CE=V IL 


*OH 


OutputJHold from Addresses, 
CE or OE Whichever Occurred 
First 









ns 





CAPACITANCE 11 ] T A =25°C, f=1 MHz 



A.C. TEST CONDITIONS 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 


C|N 


Input Capacitance 


4 


6 


pF 


V, N =0V 


CoUT 


Output Capacitance 




10 


PF 


V OUT =0V 



Output Load: 1 TTL gate and C L =100 pF 
Input Pulse Levels: .8V to 2.2V 
Timing Measurement Reference Level: 

Input 1Vand 2V 

Output .8V and 2V 



For footnotes see page 12. 
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WAVEFORMS [2] 


READ MODE 


ADDRESSES V 


ADDRESSES VALID ¥ 






k 


i 




CE 


\ 


/ 






— tfE ► 

\ 


J 


OE 




/ 




tei' 3 ' 




tDF' 4 ' 




M 


VALID 


\\\\\ 




«« t A CC ► 


OUTPUT 




W 








BYTE ERASE [6] OR WRITE 


ADDRESSES J 


( : 


< 






\ 


-«— t C s— ■» 


[51 
► tpRC 


tWR-*- 


* 




CE 




Y 










twp — ►! 

—►1 tPFT 

\ 


V P p 




/ 




tDS— ► 




-<— tDH 




< 


VALID 




? 









For footnotes see page 12. 
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CHIP ERASE 



V PP 



:hade~ 


[5J 
tPRC 






\ 


/ 


-► t cs 


-* 


twp ► •*■ 


\<*— tWR 




\ 








V.H / 






\ 


— H tos 


tOH (-*— 



DEV8CE OPERATION 



Read Mode 



The M2816 has six modes of operation, iisteci in 
Table 1. All operational modes are designed to pro- 
vide maximum microprocessor compatibility and 
system consistency. The device pinout is a part of 
Intel's JEDEC approved byte wide Non-Volatile 
Memory family, allowing appropriate and cost- 
effective density and functionality upgrades. 

All control inputs are TTL compatible with the ex- 
ception of chip erase. The V PP voltage must be 
pulsed to 21 volts during write and erase, and held to 
4 to 6 volts during the other two modes. 



Table 1. Mode Selection V CC = +5V 



^\ PIN 

mode\^ 


CE 

(18) 


OE 
(20) 


V PP 
(21) 


INPUTS/ 
OUTPUTS 


READ 


V,L 


V,L 


+4 to +6 


D OUT 


STANDBY 


V,H 


DONT 
CARE 


+4 to +6 


HIGHZ 


BYTE ERASE 


V,L 


V, H 


+21 


D|N=V IH 


BYTE WRITE 


V,L 


V,h 


+21 


Din 


CHIP ERASE 


V,L 


+9 to 
+ 15V 


+21 


[11] 

D|N = V, H 


E/W INHIBIT 


V,H 


DONT 
CARE 


DONT 
CARE 


HIGHZ 



Optimal system efficiency depends to a great extent 
on a tightly coupled microprocessor/memory inter- 
face. The E 2 PROM device should respond rapidly 
with data to allow the highest possible CPU perfor- 
mance. The M2816 satisfies this high performance 
requirement because of access times typically less 
than 300 ns. Program execution directly out of elec- 
trically erasable memory has never before been 
possible; the M2816 opens this new, powerful appli- 
cations segment. 



The M281 6 uses Intel's proven 2-line control architec- 
ture for read operation. Figure 3 shows the timing 
disadvantages of a single-line control architecture. 
2-line control, shown in Figure 4, has been devel- 
oped by Intel to solve this bus contention and the as- 
sociated system reliability problems. Both CE and 
OE must be at logic low levels toobtain information 
from the device. Chip enable (CE) is the power con- 
trol pin and should be used for device selection. The 
output enable (OE) pin serves to gate internal data to 
the output pins. Assuming that the address inputs 
are stable, address access time (tAcc) is equal to the 
delay from CE to output (tcE)- Data is available at the 
outputs after a time delay of toE» assuming that CE 
has been low and addresses have been stable for at 
least Ucc-toE- 



Figure 5 shows a typical system interconnection. 
Here the M2816 contains program information that 
the 8086 requires for system function. 



For footnotes see page 12. 



10-40 



M2816 



APmM©I OMF®^GMTO©[M 



ADDRESSES 



tDECODE- 



X 



BUS 
CONTENTION 



-tACC- 



\ 



-tCE- 



X 



tDECODE- 



y Tor." x ■»"■""» 



X 



OUTPUTS 1 
DESELECTING 



]£ZZX 



tACC- 



\ 



" X °ass ' X »" ' »"» XTc'sr a x »" ■ ""» 



tTURNOFF 



xxxxx 



I— , 



Figure 3. Single-Line Control and Bus Contention 
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Figure 4. Two-Line Control Architecture 
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Figure 5. iAPX 86/2816 Read Architecture 



Write Mode 

The M2816 is erased and reprogrammed electrically 
rather than optically, as opposed to EPROMs which 
require UV light. The device offers dramatic flexibil- 
ity because both byte (single location) and chip 
erase are possible. 

A close examination of the broad application spec- 
trum for the E 2 device reveals an inherent need for 
single location erase capability. Program store ap- 
plications can be classified in several ways. Figure 6 
lists various storage modes and the required erase 
function. In greater than 80% of all cases, a byte 
erase feature is necessary. See AP-106 for details. 



APPLICATION TYPE 



• Strict Program Store 

> Relocatable Program Structures 

• Program Store Extension 

» Program Execution Constants 

• Program Dependent Data Store 

• Data Store Applications 



CHIP 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 



Figure 6. Microprocessor Storage Types 



To write a particular location, that byte must be 
erased prior to a data write. Erasing is accomplished 
by applying logic 1 (TTL-high) inputs to the data 
input pins, lowering CE, and applying a 21-volt pro- 
gramming signal to V PP . The OE pin must be held at 
V| H during byte erase and write operations. The pro- 
gramming pulse width must be a minimum of 9 ms, 
and a maximum of 15. The rising edge of V PP must 
conform to the RC time constant specified above. 
Once the location has been erased, the same opera- 
tion is repeated for a data write. The input pins in this 
case reflect the byte that is to be stored. 

A characteristic of all E 2 PROMs is that the total 
number of erase/write cycles is not unlimited. The 
M2816 has been designed to meet applications 
requiring up to 1 x 10 4 erase/write cycles per byte. 
The erase/write cycling characteristic is completely 
byte independent. Adjacent bytes are not affected 
during erase/write cycling. 



Because the device is designed to be written in sys- 
tem, all data sheet specifications (including write 
and erase operations) hold over the full operating 
temperature range (-55- + 125°C). 
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CONTROLLERS 



Controller I Description 

The Controller I interface provides the lowest cost, 
smallest P.C. board space implementation, though it 
is unable to offer the maximum CPU throughput 
capability since wait states are inserted into the 
memory cycle during the 10 ms write time. Figure 7 
shows the block diagram for this implementation. A 
timer device is provided to time 10 ms, which con- 
nects directly to the CPU READY line. When ac- 
tivated, the timer engages the V PP switch, locks the 
CPU address, data, and control bus, and writes the 
M2816. After completion of the write cycle, the CPU 
is relinquished to do other tasks. Such a control appli- 
cation is appropriate when the processor can be 
dedicated to the write, such as in program store. 



Controller II Description 

To provide a higher CPU throughput capability, the 
interface shown in Figure 8 was designed. In this 
case, all latching and timing signals are generated 
by discrete devices. The CPU simply sends a write 
operation to the interface as it would to a RAM de- 
vice. After the CPU has engaged the write sequence, 
it is free to perform other tasks not related to M281 6 
control. At the completion of the write cycle, the 
interface interrupts the CPU which then vectors to 
an interrupt service routine. Controller II offers real- 
time CPU performance with a high degree of hard- 
ware overhead. 



Controller III Description 



DATA 
ADDR 



T~~r 



TT 



Figure 7. Controller I 
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Figure 8. Controller II 



The Controller III implementation was designed to 
provide the real-time processing capability of Con- 
troller II, without the large hardware overhead. See 
Figure 9. In this design an Intel 8155 I/O port timer 
device is used to advantage. The ports provide the 
latching of data and address during the write cycle, 
while the timer performs accurate pulsing of the V PP 
for the required duration. Much of the hardware has 
been reduced through the 8155. The interrupt 
structure of Controller II is used as well. Read ac- 
cess is very fast despite a multiplexer and a buffer 
delay. 



Controller IV Description 

Data store applications were in mind for the Con- 
troller IV design shown in Figure 10. In this case, 



CTRLEN, OE, V» 



DATA 
ADDR 



READ 

ACCESS 

= 250 nsec 

PLUS 

8286 

BUFFER 

DELAY 

=290 nsec 



>IPATA 



\ CONTROL 



Figure 9. Controller III 
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} ADDRESS 



I DATA 



Figure 10. Controller IV 

read access was not a concern, though write erase 
access and hardware overhead were exception- 
ally important.This controller takes the M2816 com- 
pletely off-line for both read and write operations. 
The write cycle is accomplished in the same way as 
in Controller III. Reading, however, is accomplished 
through several I/O operations. 

Chip Erase Mode 

Should one wish to erase the entire M2816 array at 
once, the device offers a chip erase function. When 
the chip erase function is performed all 2K bytes are 
returned to a logic 1 (FF) state. 

The M2816's chip erase function is engaged when 
the output enable (OE) pin is raised above 9 volts. When 
OE is greater than 9 volts and CE and V PP are in the 
normal write mode, the entire array is erased. This 
chip erase function takes approximately 10 ms. The 
data input pins must be held to a TTL high level 
during this time. Figure 11 is a recommended OE 
control switch. 

V PP Pulse 

The shape of the V PP pulse is important in ensuring 
long term reliability and operating characteristics. 
V PP must rise to 21V through an RC waveform 
(exponential). The T PRC specification has been de- 
signed to accommodate changes of RC due to tem- 
perature variations. 

Figure 12a shows a recommended V PP switch de- 
sign, useful where programming will occur over the 
specified temperature and operating voltage condi- 
tions. Figure 12b is a simpler implementation which 
is suitable for room temperature operation. 



The write pulse width, Twp, was designed to provide 
optimum reliability characteristics. 




Figure 11. (51 Chip Erase Control 




"]~0° 5 M F 




Figure 12a. Operational Amplifier V PP Switch 
Design 




Figure 12b. Darlington Implementation 



10-44 



M2816 



^®WM]©I OMF©BIMrO®[M 



Applications 

The M2816 E 2 PROM is a new and powerful addition 
to the non-volatile famijy. It offers a high degree of 
RAM-like flexibility while retaining the non-volatile 
characteristics of ROM. 

Because of these device parameters, the device is 
ideal for new and future designs as well as a re- 
placement for existing ROM devices. Some of these 
potential uses are listed below: 

1. Military replacements for core memory and 
fuse-link PROMs. 

2. Software alterable control stores (dynamic 
reconfiguration). 

3. Remote communications programming. 

4. PC and NC Industrial Applications. 

5. CRT terminal configuration and custom graphic 
and font sets. 

6. Calibration constants storage (continuous 
calibration). 

7. Point of sale terminals. 

8. Remote alterable look-up tables. 

9. Printer and communications controllers. 
10. Remote data gathering. 

Because of these device attributes, applications 
never before possible can now be realized in high 
performance, consistent microprocessing systems. 

Figures 13, 14, 15, and 16 are block diagrams of 
some typical applications. These applications are 
explained as follows: 
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Figure 14. Continuous Self-Calibration 
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DYNAMIC RECONFIGURATION DESCRIPTION 

The ability of a computer system to alter its operat- 
ing software while running is now possible with the 
M2816. The system can monitor external factors, as 
well as change loop constants, subroutines and 
other software features in real-time. Figure 13 illus- 
trates this optimal performance. In memory systems, 
the M2816 can be used to map around hard memory 
failures in real-time, allowing self-healing memory 
systems. Such a self-correcting mechanism extends 
the operating time and reduces service costs to the 
end user. 



CONTINUOUS SELF-CALIBRATION 

A high cost of machine service and downtime is due 
to instrument calibration and readjustments. Use of 
the M281 6 and microprocessor based instruments to 
contain calibration constants allows features never 
before possible. See Figure 14. The instrument can 
now continuously calibrate itself, without expensive 
downtime in service interaction. The M2816 allows 
this flexibility and reduction of service costs. 



CRT TERMINAL 

Custom fonts, graphics characters, and individual 
configurations can all benefit from the features of 
the M2816. A CRT terminal, shown in Figure 15, can 
now be enhanced by using the E 2 as a replacement 
for jumpers and dip switches. It can also be used 
as a programmable character generator, and in 
graphics configuration. 



POINT OF SALE TERMINAL 

Using the M2816 to contain non-volatile price and 
product descriptions, as shown in Figure 16, is an 
ideal application in point of sale terminals. With the 
ability of the M2816 to be altered in-system, comes 
the capability to remotely (over telephone lines) con- 
figure the look up table from a central data base 
computer. The non-volatility of the M281 6 is used to 
advantage as the data store remains intact after 
power is removed from the system. 
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Figure 17. JEDEC 28 Pin Site Byte-Wide 
Philosophy 



Available Literature 

To give the system designer an opportunity to more 
thoroughly understand the device attributes and 
uses, a library of E 2 information is available. The 
following list is a brief synopsis: 



AP 101 —The 2816 Electrical Description 

AP 102 — 2816 Microprocessor Interface 
Considerations 

AP 104 — Extending E 2 Endurance — Software 
Techniques 

AP 105 — Microprocessor Interface — Competi- 
tive System Comparisons 

AP 106— 2816 Byte Erase — Architecture 
Implications 

AP107 — Hardware and Software Download 
Techniques with 2816 



Pin Compatibility 

The M2816 pinout has been designed for compati- 
bility with present and future memory products. The 
E 2 PROM is a member of Intel's JEDEC standard 
Byte-Wide memory family which allows density up- 
grades, functional interchange, and extended prod- 
uct life. Figure 17 shows this JEDEC 28 pin site 
pinout approach. 



E Users Manual 
E 2 Applications Handbook 
E 2 Demo Unit Users Guide 



To obtain this literature contact your local Field 
Sales office. In addition, your Field Applications En- 
gineer can discuss with you the controller interfaces 
for different MPU system configurations. 
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Standby Mode 

The M281 6 has a standby mode which reduces active 
power dissipation by 67% from 495 mW to 165 mW. 
The M281 6 is placed in the standby mode by applying 
a TTL high signal to the CE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Output OR-TIEING 

Because M2816s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The 2-line control function allows low 
power dissipation (by deselecting unused devices), 
and the removal of bus contention from the system 
environment. 

To most effectively use these two control lines, it is 
recommended that CE (pin 18) be decoded from 
addresses as the primary device selection function. 
OE (pin 20) should be made a common connection 
to all devices in system, and connected to the RD 
line from the system control bus. This assures that 
all deselected memory devices are in their low 



power standby mode and that the output pins are 
only active when data is desired from a particular 
memory device. 



NOTES 

1. This parameter is only sampled and not 100% tested. 

2. All times shown in parentheses are minimum times and are 
nsec unless otherwise specified. 

3. OE may be delayed up to 230 ns after falling edge of CE with- 
out impact on tAcc for 2816-3. 

4. tpF is specified from OE or CE whichever occurs first. 

5. The rising edge of Vpp must follow an exponential waveform. 
That waveform's time constant is specified as tpRc- See In- 
tel's AP-1 02 for details. 

6. Prior to a data write, an erase operation must be performed. 
For erase, data in = Vm- 

7. In the chip erase mode Din = V|h- 

8. To allow immediate read verify capability, Vpp can be driven 
low in less than 50 ns. See AP-1 01 for more information. 

9. Adherence to TWP specification is important to device 
reliability. 

10. To prevent spurious device erasure or write, Vqc must De 
applied simultaneously or before 21 volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 
Vcc- 

1 1 . The data in set up and hold times for chip erase are identical 
to those specified for byte erase. 
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M3636 
16K (2K x 8) BIPOLAR PROM 



I -55°C to +125°C Operation 

I Fast Access Time: 80ns Maximum 

i Low Power Dissipation: 0.05 mW/ Bit 

Typically 
i Three Chip Select Inputs for Easy 

Memory Expansion 



I Pin Compatible to 8K PROMs 

i Three-State Outputs 

I Hermetic 24-Pin DIP 

i Polycrystalline Silicon Fuses for 

Higher Fuse Reliability/Higher 

Programmability 



The Intel® M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
80 ns is specified over the - 55 °C to + 125°C temperature range and 5% V cc power supply tolerances. There are three 
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 

Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8136 bits. The high density of the M3636 
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-bit PROMs. 
There is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The M3636 
is packaged in a hermetic 24-pin dual in-line package. 



PIN CONFIGURATION 



A 7 C 


1 ^ 


' 24 


3v cc 


A 6 C 


2 


23 


Ha 8 


AsC 


3 


22 


Da 9 


A 4 C 


4 


21 


3 Aio(MSB) 


A 3 C 


5 


20 


3 csi 


A 2 C 


6 


19 


3 CS2 


A,C 


7 


18 


3 cs 3 


(LSB)A C 


8 


17 


J 8 (MSB) 


(LSBX^C 


9 


16 


3o 7 


o 2 C 


10 


15 


H°6 


03 C 


11 


14 


3o 5 


gndC 


12 


13 


3o 4 



BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

t 1 



LOGIC SYMBOL 



csi ~ 

CS2 " 
CS3" 



OUTPUT 
BUFFERS 



16,384 
PROM MATRIX 



J_ 



INPUT DRIVERS 

t ♦-— t 

A^ A10 




PIN NAMES 



Ao- A10 


ADDRESS INPUTS 


cs^,cs 2 ,cs 3 


CHIP SELECT INPUTS' 11 


Qi-o 8 


DATA OUTPUTS 



[1] To select the PROM CS! = V |L 
andCS2 = CS3 = V|H 
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PROGRAMMING 

The programming specifications are described in the PROM/ROM Programming section of the Data Catalog. 



Absolute Maximum Ratings* 

Temperature Under Bias -65°Cto +125°C 

Storage Temperature -65°Cto +160°C 

Output or Supply Voltages -0.5V to 7 Volts 

All Input Voltages -1.5Vto5.5V 

Output Currents 100mA 



"COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional'operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

All Limits Apply for V C c= + 5.0V±5%, T A = 



■ 55°C to 125°C unless otherwise specified 





Parameter 


Limits 




Symbol 


Min. 


Typ.™ 


Max. 


Unit 


Test Conditions 


Ifa 


Address Input Load Current 




-0.05 


-0.25 


mA 


V CC = 5.25V, V A = 0.45V 


Ifs 


Chip Select Input Load Current 




-0.05 


-0.25 


mA 


V CC = 5.25V, V s = 0.45V 


Ira 


Address Input Leakage Current 






40 


MA 


V CC = 5.25V, V A = 5.25V 


Irs 


Chip Select Input Leakage 
Current 






40 


ma 


V C c = 5.25V, V s = 5.25V 


llol 


Output Leakage for High 
Impedance State 






60 


ma 


V = 5.25V or 0.45V, 
V CC = 5.25V, CS 1 = 2.4V 


lsc [11 


Output Short Circuit Current 


-20 


-35 


-100 


mA 


v = ov 


V C A 


Address Input Clamp Voltage 




-0.9 


-1.5 


V 


V C c = 4.75V, l A = -10 mA 


Vcs 


Chip Select Input Clamp 
Voltage 




-0.9 


-1.5 


V 


V C c = 4.75V, l s = -10 mA 


V H 


Output High Voltage 


2.4 


3.2V 




V 


Iqh =- 2.4 mA,V CC = 4.75V 


Vol 


Output Low Voltage 




0.3 


0.45 


V 


V CC = 4.75V, l OL =10mA 


Ice 


Power Supply Current 




150 


185 


mA 


V CC = 5.25V 


V|L 


Input "Low" Voltage 






0.85 


V 


V C c = 5.0V±5%,T A = 25°C 


V,H 


Input "High" Voltage 


2.0 






V 


V C c = 5.0V±5%,T A = 25°C 



Notes: 

1. Typical values are forT A = 25°C and nominal supply voltages. 

2. Unmeasured outputs are open during this test. 
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A.C. CHARACTERISTICS v cc = +5V±io%,t a = -55°cto 125-c 



SYMBOL 


PARAMETER 


MAX. LIMITS 


UNIT 


CONDITIONS 


T A 


Address to Output Delay 


80 


ns 


CSi = V, L 


*EN 


Output Enable Time 


50 


ns 


andCS 2 = CS 3 = V| H 


*dis 


Output Disable Time 


50 


ns 


to select the PROM. 



CAPACITANCE m T A = 25°c, f = 1 MHz 



SYMBOL 


PARAMETER 


TYP. LIMITS 


UNIT 


TEST CONDITIONS 


TYP. 


MAX. 


C INA 


Address Input Capacitance 


4 


10 


pF 


V CC = 5V V |N =2.5V 


C INS 


Chip-Select Input Capacitance 


6 


10 


pF 


Vcc = 5V V IN = 2.5V 


C OUT 


Output Capacitance 


7 


12 


pF 


V cc = 5V V 0UT = 2.5V 



NOTE 1 : This parameter is only periodically sampled and is not 100% tested. 



SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1 .5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test -2.5 MHz 



10 mA TEST LOAD 



I 



30pF 



vcc 



WAVEFORMS 



ADDRESS TO OUTPUT DELAY 




CHIP SELECT TO OUTPUT DELAY 



X 
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M8048/M8748/M8035L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 

MILITARY 

■ 8048 Mask Programmable ROM 

■ 8748 User Programmable/Erasable EPROM 

■ 8035L Requires External ROM or EPROM 

■ Over 90 Instructions: 70% Single Byte 



-55°C to +125°C 6 MHz Operation 

(M8048/M8035L) 

-55°C to +125°C 3.6 MHz Operation 

(M8748) 

8-Bit CPU, ROM, RAM, I/O in Single 

Package 

Interchangeable ROM and EPROM 

Versions 

Single 5V Supply 

2.5 usee and 5.0 /xsec Cycle Versions 

All Instructions 1 or 2 Cycles. 



1KX8ROM/EPROM 

64x8 RAM 

27 I/O Lines 

Interval Timer/Event Counter 

Easily Expandable Memory and I/O 

Compatible with 8080/8085 Series 

Peripherals 

Single Level Interrupt 

Screened to MIL-STD-883B 



The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips 
using Intel's N-Channel silicon gate MOS process. 

The M8048 contains an 8-bit CPU, a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability, the 
M8048 can be expanded using standard memories and MCS-80®/MCS-85® peripherals. The M8035L is the 
equivalent of an M8048 without program memory, and has the RAM power down mode of the M8048. To reduce 
development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* 
versions of this single component micro-computer exist: the M8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the M8048 with factory-programmed mask ROM 
program memory for low cost, high volume production, and the M8035L without program memory for use with 
external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has ex- 
tensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 

*V DD is used to program the M8748 and used for low power standby on the M8048/8035L. 



1024 WORDS 
PROGRAM 
MEMORY 



7v 



64 WORDS 

DATA 
MEMORY 



8 BIT 
CPU 



7T 



8 BIT 

TIMER/ 
EVENT COUNTER 



\7 



><x> 






PROGRAM 
► STORE 
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ADDRESS 
►LATCH 
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PORT 
"•EXPANDER 
STROBE 
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XTAL 1C 2 

XTAL 2C 3 

RESETC 4 

SSC 6 
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aleC iiM8035L3o 
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DB,C 13 
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DBsC W 
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D V CC 

2" 
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3P24 
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Figure 1. Block Diagram 



Figure 2. Logic Symbol 



Figure 3. Pin 
Configuration 



10-51 



iny 



M8048/M8748/M8035L 



CRYSTAL OSCILLATOR MODE 



LC OSCILLATOR MODE 




_L_ 


C_ 


NOMINAL 


« 




45 mH 
20 nH 


20 pF 
20 pF 


5.2 MHj 
3.2 MHj 




2 






;c 


1 






r: 


:c 


3 L 

1 3 



C1 = 5pF ± VipF + STRAY < 5pF 

C2 = CRYSTAL + STRAY < 8pF 

C3 = 20pF ± 1pF + STRAY < 5pF 
CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 75 U AT 6MHz; LESS 
THAN180Q AT 3.6MHz. 



2«v"-C' 
,_ C + 3Cpp 



Cp P «5-10 pF PIN-TO-PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 



DRIVING FROM EXTERNAL SOURCE 



-o 



9 



FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 



BE HIGH 35-65% OF THE PERIOD. 

FOR THE 8748, XTAL MUST BE HIGH 4550% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 



Figure 4 



PROGRAMMING/VERIFYING, AND 
ERASING THE 8748 EPROM 

Programming Verification 

In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching 
the address, applying data, and applying a program- 
ming pulse. Each word is programmed completely be- 
fore moving on to the next and is followed by a verifica- 
tion step. The following is a list of the pins used for 
programming and a description of their functions: 



WARNING: 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The Program/Verify sequence is: 

1 . V DD = 5v, Clo ck applied or internal oscillator oper- 
ating, RESET = 0v, TEST = 5v, EA = 5v, BUS and 
PROG floating. 

2. Insert 8748 in programming socket 

3. TEST = Ov (select program mode) 
EA = 23v (activate program mode) 
Address applied to BUS and P20-1 



Pin 


Function 


XTAL1 


Clock Input (1 to 6MHz) 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 
Data Output During Verify 


P20-1 


Address Input 


v DD 


Programming Power Supply 


PROG 


Program Pulse Input 



9 
10 



RESET = 5v (latch address) 
Data applied to BUS 
8. V DD = 25v (programming power) 

PROG = Ov followed by one 50ms pulse to 23v 



V DD = 5v 



1 1 . TEST = 5v (verify mode) 

12. Read and verify data on BUS 

13. TEST0 = 0v 

14. RESET = Ov and repeat from step 5 

1 5. Programmer should be at condition of step 1 when 
8748 is removed from socket. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING t a = 25°c ± 5°c, v cc = 5V ± 5%, v DD = 25V ± w 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Uw 


Address Setup Time to RESET f 


4tcv 








W 


Address Hold Time After RESET | 


4tcY 








tow 


Data in Setup Time to PROG t 


4t CY 








*WD 


Data in Hold Time After PROG 1 


4tcY 








tpH 


RESET Hold Time to Verify 


4t CY 








Wddw 


Vdd 


4tcY 








Wddh 


V DD Hold Time After PROG j 











W 


Program Pulse Width 


50 


60 


mS 




*TW 


Test Setup Time for Program Mode 


4t CY 








W 


Test Hold Time After Program Mode 


4t CY 








t[)0 


Test to Data Out Delay 




4tcY 






W 


RESET Pulse Width to Latch Address 


4t CY 








tntf 


V DD and PROG Rise and Fall Times 


0.5 


2.0 


flS 




*CY 


CPU Operation Cycle Time 


5.0 




fJLS 




tRE 


RESET Setup Time Before EA t . 


4tcY 









Note: If Test is high too can be triggered by RESET | ■ 



D.C. SPECIFICATION FOR PROGRAMMING t a = 25c ± 5°c, v cc = sv ± 5%, v DD = 25V ± 1 v 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vdoh 


V DD Program Voltage High Level 


24.0 


26.0 


V 




VoDL 


V DD Voltage Low Level 


4.75 


5.25 


V 




Vph 


PROG Program Voltage High Level 


21.5 


24.5 


V 




Vpl 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


Veahi 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low Level 




5.25 


V 




'dd 


V D d High Voltage Supply Current 




30.0 


mA 




• PROG 


PROG High Voltage Supply Current 




16.0 


mA 




Iea 


EA High Voltage Supply Current 




1.0 


mA 
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WAVEFORMS 



COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 



f 



_ tTW *»| 



R15F? 



DB0-DB7 



p p LAST 

r20 n ADDRESS 



/ 



/ 




\ 



■* — too — A 

\-__ —/ V DATA \-_ / nextaddr\/^ 

y < A valid / " \ ^ ALID A 



VERIFY MODE (ROM/EPROM) 



TO.RESET \ 




/ V 




/ \ 


DB0-DB7 \— — 


-■< 


ADDRESS yj DATA OUT \ 
(0-7) VALID y^ VALID f~ "" 


~( 


NEXT V NEXT DATA \_ 

ADDRESS f\ OUT VALID J" — — — — — — — 


P20-P1 


X 


ADDRESS (8-9) VALID 


X 


NEXT ADDRESS VALID 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO - 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. X-\ AND X 2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5;usec tcv- THIS IS ACCEPTABLE FOR ALL PARTS. 



The 8748 EPROM can be programmed by either of two Intel 
products: 

1 . PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP Series) peripheral of the 
Intellec® Development System with a UPP-848 Personality Card. 
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Table 1. Instruction Set Summary 



Mnemonic 


Description 


Bytes 


Cycle 


ADD A, R 
ADD A, @R 
ADD A. #data 
ADDC A, R 
ADDC A, @R 
ADDC A. #data 
ANL A, R 
ANL A, @R 
ANL A. #data 
ORL A, R 
| ORL A, @R 
3 ORL A. #data 
i XRL A, R 
| XRLA, @R 
XRL A. #data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLC A 
RR A 
RRC A 


Add register to A 

Add data memory to A 

Add immediate to A 

Add register with carry 

Add data memory with carry 

Add immediate with carry 

And register to A 

And data memory to A 

And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 

Exclusive or register to A 

Exclusive or data memory to A 

Exclusive or immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 

Rotate A right 

Rotate A right through carry 




2 
2 
2 
2 
2 


IN A, P 
OUTL P, A 
ANL P. #data 
ORL P. #data 
\ INS A, BUS 
"3 OUTL BUS, A 
§ ANL BUS. #data 
a ORL BUS. #data 
MOVD A, P 
MOVD P, A 
ANLD P, A 
ORLD P, A 


Input port to A 
Output A to port 
And immediate to port 
Or immediate to port 
Input BUS to A 
Output A to BUS 
And immediate to BUS 
Or immediate to BUS 
Input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 




2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


£ INC R 
•| INC @R 
£ DEC R 


Increment register 
Increment data memory 
Decrement register 




1 

1 
1 


JMP addr 

JMPP@A 

DJNZ R, addr 

JCaddr 

JNC addr 

JZaddr 
£ JNZaddr 
g JTO addr 
£ JNTO addr 

JT1 addr 

JNT1 addr 

JFOaddr 

JF1 addr 

JTF addr 

JNI addr 

JBb addr 


Jump unconditional 

Jump indirect 

Decrement register and skip 

Jump on carry = 1 

Jump on carry = 

Jump on A zero 

Jump on A not zero 

Jump on TO = 1 

Jump on TO = 

Jump on T1 = 1 

Jump on T1 = 

Jump on FO = 1 

Jump on F1 = 1 

Jump on timer flag 

Jump on INT = 

Jump on accumulator bit 


2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


2 
2 
2 
2 
2 
2 
Z 
2 
2 
2 
2 
2 
2 
2 
2 
2 



Mnemonic 


Description 


Bytes 


Cycles 


•I CALL addr 
| RET 
3 RETR 


Jump to subroutine 

Return 

Return and restore status 


2 


2 
2 
2 


CLRC 
CPLC 
S) CLR FO 
£ CPL FO 
CLR F1 
CPL F1 


Clear carry 
Complement carry 
Clear flag 
Complement flag 
Clear flag 1 
Complement flag 1 






MOV A, R 
MOV A, @R 
MOV A, #data 
MOV R, A 
MOV@R, A 
MOV R, #data 
$ MOV @R, #data 
S MOV A, PSW 
S MOV PSW, A 
Q XCH A, R 
XCHA, @R 
XCHD A, @R 
MOVX A, @R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @A 


Move register to A 
Move data memory to a 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from page 3 




2 
2 
2 
2 


MOV A, T 
* MOV T, A 
i STRT T 
O STRT CNT 
| STOP TCNT 
j| EN TCNTI 

DISTCNTI 


Read timer/counter 

Load timer/counter 

Start timer 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 






EN 1 

DIS 1 
o SEL RBO 
| SEL RB1 
O SEL MBO 

SEL MB1 

ENTO CLK 


Enable external interrupt 
Disable external interrupt 
Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 
Enable clock output on TO 






NOP 


No operation 


1 


1 



Mnemonics copyright Intel Corporation 1978 
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Table 2. Pin Description 



Symbol 


Pin No. 


Function 


Vss 


20 


Circuit GND potential 


v DD 


26 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. Low 
power standby pin in 8048 and 
8035L. 


Vcc 


40 


Main power supply; +5V during oper- 
ation and programming. 


PROG 


25 


Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe for 8243 I/O expander. 


P10-P17 


27-34 


8-bit quasi-bidirectional port. 


Portl 






P20-P27 


21-24 


8-bit quasi-bidirectional port. 


Port 2 


35-38 


P20-P23 contain the four high order 
program counter bits during an exter- 
nal program memory fetch and serve 
as a 4-bit I/O expander bus for 8243. 


DB -DB 7 


12-19 


True bidirectional port which can be 


BUS 




written or read synchronously using 
the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external pro- 
gram memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 


TO 


1 


Input pin testable using the condi- 
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO CLK instruc- 
tion. TO is also used during program- 
ming. 


T1 


39 


Input pin testable using the JT1 , and 
JNT1 instructions. Can be designated 
the timer/counter input using the 
STRTCNT instruction. 



Symbol 


Pin No. 


Function 


INT 


6 


Interrupt input. Initiates an interrupt 
if interrupt is enabled. Interrupt is dis- 
abled after a reset. Also testable with 
conditional jump instruction. (Active 
low) 


RD 


8 


Output strobe activated during a BUS 
read. Can be used to enable data 
onto the bus from an external device. 

Used as a read strobe to external 




4 


data memory. (Active low) 

Input which is used to initialize the 


RESET 






processor. Also used during PROM 






programming verification, and power 






down. (Active low) (Non TTL V IH ) 


WR 


10 


Output strobe during a bus write. 
(Active low) 

Used as write strobe to external data 
memory. 


ALE 


11 


-Address latch enabie. This signai 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 




9 


gram memory. 

Program store enable. This output 


PSEN 






occurs only during a fetch to external 






program memory. (Active low) 


SS 


5 


Single step input can be used in junc- 
tion with ALE to "single step" the 
processor through each instruction. 
(Active low) 


EA 


7 


External access input which forces 
all program memory fetches to refer- 
ence external memory. Useful for 
emulation and debug, and essential 
for testing and program verification. 
(Active high) 


XTAL1 


2 


One side of crystal input for internal 
oscillator. Also input for external 
source. (Non TTL V IH ) 


XTAL2 


3 


Other side of crystal input. 
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A.C. CHARACTERISTICS (PORT 2 TIMING) t a = 55°c to 125°C, v cc = +sv * 10%, Vss = ov 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcp 


Port Control Setup Before Fallinq 


115 




ns 




Edge of PROG 


tpc 


Port Control Hold After Falling 


65 




ns 




Edge of PROG 


*PR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tp F 


Input Data Hold Time 





160 


ns 




w 


Output Data Setup Time 


230 




ns 




tpD 


Output Data Hold Time 


25 




ns 




tp P 


PROG Pulse Width 


920 




ns 




tp L 


Port 2 I/O Data Setup 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 




ns 





PORT 2 TIMING 



J—\ 



EXPANDER 
PORT 



DC 



EXPANDER 
PORT 



DC 



V — V 



X 



y. 



PORT 2 -3 DATA 



X 



PORT 2o-3 DATA 



X 



PORT CONTROL 



« top- 



OUTPUT DATA 



PORT CONTROL 



X 



\ 



:c 



INPUT 
DATA 



/ 



:c 
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WAVEFORMS 



Instruction Fetch From External Program Memory 



Read From External Data Memory 





"" *LL *■ 




— tcY 








ALE 


1 




I 




— 


l AFC 


— *c — 


tCA 


h 


PSEN 


b 








BUS FL 


H;- 




— ^ 


*DR 




oatingV 


f FLOATING \ 


CO 


^ FLOATING Y 



J L 



f*~ l CC »-j «CA f*~ 



FLOATING 



INSTRUCTION 



Write to External Data Memory 

- J 1 



BUS FLOATING NAdDRESsY /V DATA /V FLOATING 



Input and Output Waveforms for A.C. Tests 



J L 




bus floatingYaddressYfloatingY data Y floating 





A.C. CHARACTERISTICS t a = -55°c to 125°C, v cc = v DD = +5V ± 10%, v ss = ov 



Symbol 


Parameter 


M8048 
M8035L 


M8748 


Unit 


Conditions 
(Note 1) 


Min. 


Max. 


Min. 


Max. 


tLL 


ALE Pulse Width 


200 




300 




ns 




tAL 


Address Setup to ALE 


120 




120 




ns 




tLA 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


400 




600 




ns 




*DW 


Data Setup before "WR 


420 




600 




ns 




twD 


Data Hold After WR 


80 




120 




ns 


C L = 20pF 


tcY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 


jLtS 


(3.6 MHz 
XTAL8748) 


*DR 


Data Hold 





200 





200 


ns 




*RD 


PSEN, RD to Data In. 




400 




600 


ns 




W 


Address Setup to WR 


230 




260 




ns 




W> 


Address Setup to Data In 




600 




900 


ns 




Wc 


Address Float to RD, PSEN 


-40 




-60 




ns 




tCA 


Control Pulse to ALE 


10 




10 




ns 





Note 1 : Control outputs: C L = 80 pF t CY = 2.5 /as for 8048/8035L 
BUSOutputs: C L =150pF 4. 1 7 /xs for 8748 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 

8748 -55°Cto +125°C 

8048/8035L -55°Cto +125°C 

Storage Temperature -65°C to + 125°C 

Voltage On Any Pin With Respect 
to Ground -0.5to+7V 

Power Dissipation 1.5 Watt 



*NOTICE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. 



D.C. CHARACTERISTICS t. = -55°c to 125°C, v cc = v DD = +5V ± 10%, v ss = ov 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


V,L 


Input Low Voltage 

(All Except RESET, X1.X2) 


-.5 




.7 


V 




V.L1 


Input Low Voltage 
(RESET, X1.X2) 


-.5 




.5 


V 




V,H 


Input High Voltage 


2.3 




Vcc 


V 




(All Except XTAL1 , XTAL2, RESET) 


V,H1 


Input High Voltage (RESET, X1 , X2) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 






.45 


V 


l 0L = 1.2mA 


Vqli 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


l 0L = 0.8mA 


Vqh 


Output High Voltage (BUS) 


2.4 






V 


l 0H = -240/uA 


V 

ohi 


Output High Voltage 
(RD, WR, PSEN, ALE) 


2.4 






V 


l 0H = -50/xA 


^OH2 


Output High Voltage 
(All Other Outputs) 


2.4 






V 


'oh = " 30 ^ A 


'LI 


Input Leakage Current (T1, INT) 






±10 


fiA 


V S s^V lN <V cc 


'lii 


Input Leakage Current 
(P10-P17,P20-P27,EA,SS) 






-700 


/xA 


V ss + .45<V lN <V cc 


'lo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






±10 


IxA 


V ss + .45<V lN <V cc 


'dd 


V DD Supply Current 




10 


25 


mA 




'dd + 'cc 


Total Supply Current 




80 


155 


mA 





BUS 




P1,P2 




0V 2V 



BUS,P1,P2 




10-59 



AFN-00780A-09 



inteT 



M8080A 
8-BIT N-CHANNEL MICROPROCESSOR 

The M8080A is functionally compatible with the Intel® 8080. 



Military Temperature Range: 
-55°Cto +125°C 

± 10% Power Supply Tolerance 

2 fis Instruction Cycle 

Powerful Problem-Solving Instruction 
Set 

6 General-Purpose Registers and an 
Accumulator 

16-Bit Program Counter for Directly 
Addressing Up to 64K Bytes of Memory 



■ 16-Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal, Binary, and Double Precision 
Arithmetic 

■ Ability to Provide Priority Vectored 
Interrupts 

■ 512 Directly Addressed I/O Ports 



The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process— a high performance solution to control and processing applications. 
The M8080A contains 6 8-bit general-purpose working registers and an accumulator. The 6 general-purpose registers may 
be addressed individually or in pairs providing single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A features an external stack. Any portion of memory may be used as a last in/first out stack to store/retrieve the 
contents of the accumulator, flags, program counter and all 6 general-purpose registers. The 1 6-bit stack pointer controls 
addressing of this external stack. This stack enables the M8080A to handle multiple-level priority interrupts by rapidly 
storing and restoring processor status. It also provides almost unlimited subroutine nesting. 

This microprocessor simplifies systems design. Separate 16-line address and 8-line bidirectional data busses facilitate 
interface to memory and I/O. Signals to control the interface to memory and I/O are provided directly by the M8080A. 
Ultimate control of the address and data busses resides with the hold signal, which can suspend processor operation and 
force the address and data busses into a high impedance state. This permits OR-typing these busses with other controlling 
devices for (DMA) direct memory access or multiprocessor operation. 



JL 



3T 



I ACCUMULATOR! 
ml 




DATA BUS INTERRUPT HOLD 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



TIMING 

AND 

CONTROL 



I INSTRUCTION U 
I REGISTER (8) I 



MULTIPLEXER I 



STACK POINTER 



PROGRAM COUNTER 



WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 



Iz 



ADDRESS BUFFER 



¥ 



Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150 C 

All Input or Output Voltages 

With Respect to V BB -0.3V to +20V 

V CC V DD and V ss With Respect to V BB -0.3V to +20V 
Power Dissipation 1.7W 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS 



(T A = -55°C to +125°C, V DD = +12V ±10%, 

V cc = +5V ±10%, V B b = -5V ±10%, V S s = 0V; unless otherwise noted) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Condition 


V|LC 


Clock Input Low Voltage 


Vss-1 




Vss+0.8 


V 


Iql = 1.9mA on all outputs, 
"Iqh =150juA. 

Operation 
Tcy = -48 /usee 

Vss ^ V|n < V cc 
Vss < VcLOCK < V DD 
V S s<V||\|<Vss + 0.8V 
V S s+0.8V<V| N <V cc 

Vaddr/data = v cc 
Vaddr/data = v ss + 0.45V 


V IHC 


Clock Input High Voltage 


8.5 




V DD + 1 


V 


V|L 


Input Low Voltage 


Vss-1 




Vss+0.8 


V 


V| H 


Input High Voltage 


3.0 




Vcc+1 


V 


Vol 


Output Low Voltage 






0.45 


V 


V H 


Output High Voltage 


3.7 






V 


'dd(av) 


Avg. Power Supply Current (Vdd) 




50 


80 


mA 


'CC(AV) 


Avg. Power Supply Current (V cc ) 




60 


100 


mA 


'bb(av) 


Avg. Power Supply Current (V BB ) 




.01 


1 


mA 


IlL 


Input Leakage 






±10 


MA 


'CL 


Clock Leakage 






±10 


ma 


l DL [2] 


Data Bus Leakage in Input Mode 






-100 
-2.0 


ma 

mA 


Ifl 


Address and Data Bus Leakage 
During HOLD 






+10 
-100 


iuA 



CAPACITANCE (T A = 25°c, v cc = v D d = v S s = ov, v BB : 



-5V) 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Test Condition 


c 


Clock Capacitance 


17 


25 


pf 


f c = 1 MHz 


C|N 


Input Capacitance 


6 


10 


pf 


Unmeasured Pins 


C OUT 


Output Capacitance 


10 


20 


Pf 


Returned to Vss 
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A.C. CHARACTERISTICS 



(T A .= -55°C to +125°C, V DD = +12V ±10%, 

V CC = +5V ±10%, Vbb = -5V ±10%, Vss ^ 0V; unless otherwise noted) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


t CY [3) 


Clock Period 


0.48 


2.0 


jusec 




tr.tf 


Clock Rise and Fall Time 





50 


nsec 


*01 


<p<\ Pulse Width 


60 




nsec 


*02 


02 Pulse Width 


220 




nsec 


tD1 


Delay 01 to 02 







nsec 


*D2 


Delay 02 to 01 


80 




nsec 


*D3 


Delay 01 to 02 Leading Edges 


80 




nsec 


tDA^l 


Address Output Delay From 02 




200 


nsec 




- C L = 50pf 


t DD W 


Data Output Delay From 02 




220 


nsec 


t D C [2] 


Signal Output Delay From ^ , or 2 (SYNC, WR,WAIT, HLDA) 




140 


nsec 


t D F 121 


DBIN Delay From 2 


25 


150 


nsec 


t D ,m 


Delay for Input Bus to Enter Input Mode 




tDF 


nsec 


C L = 50pf 


tosi 


Data Setup Time During 0-| and DBIN 


30 




nsec 


t DS2 


Data Setup Time to 02 During DBIN 


130 




nsec 


.t DH "l 


Data Hold Time From 2 During DBIN 


[1] 




nsec 


t, E [2] 


INTE Output Delay From 02 




200 


nsec 


*RS 


READY Setup Time During 02 


120 




nsec 


tHS 


HOLD Setup Time to 02 


140 




nsec 


tis 


INT Setup Time During 02 


120 




nsec 


tH 


Hold Time From 2 (READY, INT, HOLD) 







nsec 


tFD 


Delay to Float During Hold (Address and Data Bus) 




130 


nsec 


t AW [2l 


Address Stable Prior to WR 


[5] 




nsec 




_C L = 50pf 


t D w [2] 


Output Data Stable Prior to WR 


[6] 




nsec 


t W D [2] 


Output Data Stable From WR 


[7] 




nsec 


tWA [2] 


Address Stable From WR 


[7] 




nsec 


t HF ra 


HLDA to Float Delay 


[8] 




nsec 


tWF^J 


WR to Float Delay 


[9] 




nsec 


t A H t 2 l 


Address Hold Time After DBIN During HLDA 


-20 




nsec 



NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. A.C. TESTING LOAD CIRCUIT 

2. When DBIN is high and V||vj > V|h an internal active pull up will 
be switched onto the Data Bus. 

3. A I supply / AT A = -0.45%/° C. 



DEVICE 
UNDER 
TEST 



I 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS note: 

Timing measurements are made at the following reference voltages: CLOCK "1" = 7.0V, "0" = 1.0V; INPUTS 
"1" = 3.0V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V. 



A 



A. 



tn 



A 



f~\. 






rC TV 

'DC I"" - — •* l DC \-—, 



/ 



"X 



A 



UJ" 



^0 



® 



D 



rDfs::c 



A. 



->k 



© 



'dd-H 

I* 'DW ^ 



t£ 



/ 



DATA OUT 

r 



.___. — < 



c 






®.l 



THIS TIMING DIAGRAM SHOWS TIMING RELATIONSHIPS ONLY; IT DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
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WAVEFORMS (Continued) 



A 16 Ao »"' 

D 7 -D f-- 
SYNC 

DBIN 


*\ /I 


*\ 








y 




\ 


_J C_ \_ 


r " 




«FO 


— - 




^ 




*«- 


V»A 






^ 


" 


r 





^D 










-* 


-— «AH 


r 




L 


■* — *■ 






- 


, — - 


_^*~ *WF *" 




READY 
WAIT 






*—t HF _^ 




HOLD 










HLDA 




l DC 


— 








INT 








-"-L 




INTE ' 


K 















1.5 

l- 

| 1.0 

oc 

3 
O 

> 

g- 0.5 

D 






















55 +50 +1 
AMBIENT TEMPERATURE (°C) 


25 



NOTES: 

1 . Data input should be enabled with OBIN status. No bus con- 
flict can then occur and data hold time is assured, ton = 50 ns 
or tpp, whichever is less. 



2 - tCY = *D3 + ^2 + ty2 + tty2 + *D2 + *r<^1 * 4 80ns. 



TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

+20 























^-SPEC 













A CAPACITANCE (pf) 
(C ACTUAL "~ C SPEC ) 



3. The following are relevant when interfacing the M8080A to 
devices having V (H = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ C|_ 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ Cl 
= SPEC. 

c) If C|_ = SPEC, add .6ns/pF if C|_ > Cspec> subtract .3ns/pF 
(from modified delay) if C|_ < Cspec- 

4. t AW = 2 t CY - t D3 - t r< £ 2 - 140nsec. 

5. tovv = *CY ~ *D3 ~ *r^2 -170nsec. 

6. If not HLDA, t W D = *WA = *D3 + l r<£2 + 10ns - ,f HLDA, %d = 
*WA = *WF- 

7. t H F = tQ3 + *r02 ~ 50ns - 

8. t WF = trj3 + t r< £ 2 ~ 10ns. 

9. Data in must be stable for this period during DBIN • T3. Both 
tpsi and tos2 must De satisfied. 

10. Ready signal must be stable for this period during T2 or Tyy. 
(Must be externally synchronized.) 

11. Hold signal must be stable for this period during T2 or Tyv 
when entering hold mode, and during T3, T4, T5 and Twh 
when in hold mode. (External synchronization is not 
required.) 

12. Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recogized on the 
following instruction. (External synchronization is not 
required.) 



Typical Supply Current versus 
Temperature, Normalized 



MAX 
° 


f 


3 V cc 
V IN 



Data Bus Characteristics During DBIN 
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INSTRUCTION SET 



The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 



increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capabilijy is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the M8080A instruction set. 

The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 



Table 1. Instruction Set Summary 



Data and Instruction Formats 

Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 

same format. 



D 7 D 6 D 5 D 4 D 3 D 2 Dt Do 



DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 



One Byte Instructions 



D 7 D 6 D 5 D 4 D 3 D 2 Dt D 



Two Byte Instruction; 








D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 



Three Byte Instructions 



D 7 


D 6 


D 5 D 4 D 3 D 2 


Di 


Do 


D 7 


D 6 


D 5 D 4 D 3 D 2 


Di 


Do 


D 7 


D 6 


D 5 D 4 D 3 D 2 


Di 


Do 



OP CODE 



OP CODE 
OPERAND 

OP CODE 

LOW ADDRESSOR OPERANDI 

HIGH ADDRESSOR OPERAND 2 



TYPICAL INSTRUCTIONS 

Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 



Immediate mode or I/O instructions 



Jump, call or direct load and store 
instructions 



For the M 80 80 A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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M8085A 
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 



MILITARY 



Single +5V Power Supply 

100% Software Compatible with 8080A 

1.3 /zs Instruction Cycle 

On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 



■ Four Vectored Interrupt Inputs (One is 
non-Maskable) Plus an 8080A- 
compatible interrupt 

■ Serial In/Serial Out Port 

■ Decimal, Binary and Double Precision 
Arithmetic 

■ Direct Addressing Capability to 64k 
Bytes of Memory 



The Intel® M8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software 
compatible with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher 
system speed. 

The M8085A incorporates a!! of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The M8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. 



INTA RST6 5 TRAP 

RST5 5 I RST7 5 I SID SOD 

1 t 



11)11 



ittj 



I ACCUMULATOR! TEMP REG 



SERIAL I/O CONTROL 



8 BIT INTERNAL DATA BUS 



EE 



MING AND CONTROL 



CONTROL STATUS DMA 



MACHINE 
ENCODING 



PROGRAM COUNTER 



ADDRESS BUFFEF 



¥ 



¥ 



Xi C 

X 2 C 

RESET OUT C 

SOD C 

SID C 

TRAP C 

RST7.5 C 

RST6.5 C 

RST5.5 C 

INTR C 

INTA C 

AD C 



AD-j C 13 
AD2 C 14 
AD 3 C 15 
AD 4 C 16 
AD 5 C 17 
AD 6 C 18 
AD 7 C 19 
V S S C 20 



I V C C 
I HOLD 
I HLDA 
I CLK (OUT ) 
ib RESET IN 
5 3 READY 
34 J IO/M 
3 3 Sj_ 
2 3 RD 
31 3 WR 
30 3 ALE 
3P So 
A15 
AM 
I A13 
A12 
An 
I Aio 



A8 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Name and Function 


A8~A 15 





Address Bus: The most significant 8 bits of 
the memory address or the 8 bits of the I/O 
address, 3-stated during Hold and Halt 
modes and during RESET. 


AD0-7 


I/O 


Multiplexed Address/Data Bus: Lower 8 
bits of the memory address (or I/O address) 
appear on the bus during the first clock 
cycle (T state) of a machine cycle. It then 
becomes the data bus during the second 
and third clock cycles. 


ALE 





Address Latch Enable: It occurs during 
the first clock state of a machine cycle and 
enables the address to get latched into the 
on-chip latch of peripherals. The falling 
edge of ALE is set to guarantee setup and 
hold times for the address information. The 
falling edge of ALE can also be used to 
strobe the status information. ALE is never 
3-stated. 


So, S-j, and 
IO/F 





Machine cycle status: 
IO/MT S-, Sq Status 
1 Memory write 

1 Memory read 

1 1 I/O write 
1 1 I/Oread 

1 1 Opcode fetch 

1 1 1 Interrupt Acknowledge 
Halt 

X X Hold 

X X Reset 
* = 3-state (high impedance) 
X = unspecified 

S-i can be used as an advanced R/W status. 
IO/M, Sq and S-j become valid at the begin- 
ning of a machine cycle and remain stable 
throughout the cycle. The falling edge of 
ALE may be used to latch the state of these 
lines. 


Rd 





Read Control: A low level on RD indicates 
the selected memory or I/O device is to be 
read and that the Data Bus is available for 
the data transfer, 3-stated during Hold and 
Halt modes and during RESET. 


wr" 





Write Control: A low level on WR indicates 
the data on the Data Bus is to be written 
into the selected memory or I/O location. 
Data is set up at the trailing edge of WR. 
3-stated during Hold and Halt modes and 
during RESET. 


READY 


I 


Ready: If READY is high during a read or 
write cycle, it indicates that the memory or 
peripheral is ready to send or receive data. 
If READY is low, the cpu will wait an integral 
number of clock cycles for READY and go 
high before completing the read or write 
cycle. 



Symbol 


Pin 
No. 


Name and Function 


HOLD 


1 


Hold: HOLD indicates that another master 
is requesting the use of the address and 
data busses. The cpu, upon receiving the 
hold request, will relinquish the use of the 
bus as soon as the completion of the cur- 
rent bus transfer. Internal processing can 
continue. The processor can regain the bus 
only after the HOLD is removed. When the 
HOLD is acknowledged, the Address, Data, 
RD, WR, and IO/M lines are 3-stated. 


HLDA 





Hold Acknowledge: Indicates that the cpu 
has received the HOLD request and that it 
will relinquish the bus in the next clock 
cycle. HLDA goes low after the Hold re- 
quest is removed. The cpu takes the bus 
one half clock cycle after HLDA goes low. 


INTR "~1 


1 


Interrupt Request: Is used as a general- 
purpose interrupt. It is sampled only during 
the next to the last clock cycle of an instruc- 
tion and during Hold and Halt states. If it is 
active, the Program Counter (PC) will be 
inhibited from incrementing and an INTA 
will be issued. During this cycle a RESTART 
or CALL instruction can be inserted to 
jump to the interrupt service routine. The 
INTR is enabled and disabled by software. It 
is disabled by Reset and immediately after 
an interrupt is accepted. 


INTA 





Interrupt Acknowledge: Is used instead of 
(and has the same timing as) RD during the 
Instruction cycle after an INTR is accepted. 
It can be used to activate the 8259 Interrupt 
chip or some other interrupt port. 


RST 5.5 
RST 6.5 
RST 7.5 


1 


Restart Interrupts: These three inputs 
have the same timing as INTR except they 
cause an internal RESTART to be automat- 
ically inserted. 

The priority of these interrupts is ordered 
as shown in Table 2. These interrupts have 
a higher priority than INTR. In addition, 
they may be individually masked out using 
the SIM instruction. 


TRAP 


1 


Trap: Trap Interrupt is a nonmaskable 
RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is 
unaffected by any mask or Interrupt En- 
able. It has the highest priority of any inter- 
rupt. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Name and Function 






Reset In: Sets the Program Counter to 
zero and resets the Interrupt Enable and 
HLDA flip-flops. The data and address bus- 
ses and the control lines are 3-stated dur- 
ing RESET and because of the asynchron- 
ous nature of RESET, the processor's 
internal registers and flags may be altered 
by RESET with unpredictable results. 


RESET IN 


RESET IN is a Schmitt-triggered input, al- 
lowing connection to an R-C network for 
power-on RESET delay. The cpu is held in 
the reset condition as long as RESET IN is 
applied. 


RESET OUT 





Reset Out: Indicates cpu is being reset. , 
Can be used as a system reset. The signal is 
synchronized to the processor clock and 
lasts an integral number of clock periods. 



Symbol 


Pin 
No. 


Name and Function 


Xi, X 2 


I 


X-| and X 2 : Xf and X 2 are connected to a 
crystal, LC, or RC network to drive the 
internal clock generator. X-j can also be an 
external clock input from a logic gate. The 
input frequency is divided by 2 to give the 
processor's internal operating frequency. 


CLK 





Clock Output: Clock Output for use as a 
system clock. The period of CLK is twice 
the X 1( X 2 input period. 


SID 


I 


Serial Input Data Line: The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 


SOD 





Serial Output Data Line: The output SOD 
is set or reset as specified by the SIM 
instruction. 


v C c 





Power: +5 volt supply. 


Vss 





Ground: Ground Reference. 



Table 2. Interrupt Priority, Restart Address, and Sensitivity 



Name 


Priority 


Address Branched To (1) 
When Interrupt Occurs 


Type Trigger 


TRAP 


1 


24H 


Rising edge AND high level until sampled. 


RST 7.5 


2 


3CH 


Rising edge (latched). 


RST 6.5 


3 


34H 


High level until sampled. 


RST 5.5 


4 


2CH 


High level until sampled. 


INTR 


5 


See Note (2). 


High level until sampled. 



NOTES: 

1. The processor pushes the PC on the stack before branching to the indicated address. 

2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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FUNCTIONAL DESCRIPTION 

The M8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz, thus 
improving on the present 8080A's performance with 
higher system speed. Also it is designed to fit into a 
minimum system of three IC's: The CPU (8085A), a 
RAM/IO (8156), and a ROM or EPROM/IO chip (8355 or 
8755A). 

The M8085A has twelve addressable 8-bit registers. Four 
of them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or as 
16-bit register pairs. The M8085A register set is as follows: 



Mnemonic 


Register 


Contents 


ACCorA 


Accumulator 


8 bits 


PC 


Program Counter 


16-bit address 


BC,DE,HL 


General-Purpose 


8 bits x 6 or 




Registers; data 


16 bits x 3 




pointer (HL) 




SP 


Stack Pointer 


16-bit address 



Flags or F Flag Register 



5flags(8-bitspace) 



The M8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 

The M8085A provides RD, WR, So, Si, and I O/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are 
synchronized with the processor's internal clock. The 
M8085A also provides Serial Input Data (SID) and Serial 
Output Data (SOD) lines for simple serial interface. 

In addition to these features, the M8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 

Interrupt and Serial I/O 

The M8085A has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in function 
to the 8080A INT. Each of the three RESTART inputs, 5.5, 
6.5, and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 

The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 

There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 



set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may a lso be res et by using the 
SIM instruction or by issuing a RESET IN to the M8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5 interrupt is masked out. 

The status of the three RST interru pt masks c an only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 

The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the M8085A. Note that the 
servicing of any interrupt (TRAP, RST 7.5, RST 6.5, RST 
5.5, INTR) disables all future interrupts (except TRAPs) 
until an El instruction is executed. 



INSIDE THE M8085A 




INTERNAL TRAP F.F. 

TRAP 
ACKNOWLEDGE 



Figure 3. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 4. 

The serial I/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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Basic System Timing 

The M8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 4 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 

There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status line s (IO/ M, Si , So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the Ti 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states ( unless WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 



Table 3. 


M8085A Machine Cycle Chart 




MACHINE CYCLE 


STATUS 


CONTROL 


IO/M 


SI 


so 


RD 


WR 


INTA 


OPCODE FETCH 


(OF) 





1 







■ 1 


1 


MEMORY READ 


(MR) 





1 








1 


1 


MEMORY WRITE 


(MW) 










1 





1 


l/OREAD 


(IOR) 


1 


1 








1 


1 


I/O WRITE 


(IOW) 


1 







1 





1 


ACKNOWLEDGE 
















OF INTR 


(INA) 


1 


1 




1 


1 





BUS IDLE 


(Bl): DAD 

ACK.OF 
RSTTRAP 



1 


1 
1 




1 
1 


1 
1 


1 
1 




HALT 


TS 








TS 


TS 


1 



Table 4. M8085A Machine State Chart 





Status & Buses 


Control 


Machine 
State 


S1.S0 


IO/M 


A 8 -Ai5 


AD -AD 7 


RD,WR 


INTA 


ALE 


Ti 


X 


X 


X 


X 


1 


1 


1* 


T 2 


X 


X 


X 


X 


X 


X 





T WAIT 


X 


X 


X 


X 


X 


X 





T 3 


X 


X 


X 


X 


X 


X 





T 4 


1 


CM 


X 


TS 


1 


1 





T 5 


1 


Ot 


X 


TS 


1 


1 





T 6 


1 


+ 


X 


TS 


1 


1 





Treset 


X 


TS 


TS 


TS 


TS 


1 





Thalt 





TS 


TS 


TS 


TS 


1 





Thold 


X 


TS | TS 


TS 


TS 


1 






= Logic "0" 

1 = Logic "1" 



TS = High Impedance 
X = Unspecified 



* ALE not generated during 2nd and 3rd machine cycles of DAD 

instruction. 
t IO/M = 1 during T4 - T 6 of INA machine cycle. 



CLK 


M 1 


M 2 

Vhl Yhl \jJ 


Vv/ 


M 3 




\ T / 






A 8" A 15 


jT^ PC H (HIGH ORDER ADDRESS) 


x 


)r~ 


IO PORT 


X 




Y pc L V/V — V 


DATA FROM MEMORY 
(I/O PORT ADDRESS) 

n 




ADo- 7 


.«/ IO POf 

n 


iT X ,, 


X 
n 


A L r\s^r 

<LOWORDER DATAFROM 

ADDRESS) MEMORY 

1— — % (INSTRUCTION) 


ALE 


DATA TO MEMORY 
OR PERIPHERAL 










RD 


\ / 


\ / 






WR 


\ 




\ / 




IO/M 


/ 




"A 








STATUS 


X SjSq (FETCH) 


V 10 (READ) 


y~ 


01 WRITE 


X « 











Figure 4. M 8 08 5 A Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°C to + 125°C, V C c = 5V ±10%, V S s = 0V; unless otherwise specified) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V| L 


Input Low Voltage 


-0.5 


+0.8 


V 




VlH 


Input High Voltage 


2.2 


V cc +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iol = 1.6mA 


Vqh 


Output High Voltage 


2.4 




V 


l 0H = -400juA 


'cc 


Power Supply Current 




200 


mA 




'lL 


Input Leakage 




±10 


MA 


V in = V CC 


Ilo 


Output Leakage 




±10 


MA 


0.45V < V out < V CC 


VlLR 


Input Low Level, RESET 


-0.5 


+0.8 


V 




VlHR 


Input High Level, RESET 


2.4 


V cc +0.5 


V 




V H y 


Hysteresis, RESET 


0.25 




V 





A.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc = 5V ±10%, v ss = ov) 



Symbol 


Parameter 


M8085A [2] 


Units 


Test Conditions 


Min. 


Max. 


tCYC 


CLK Cycle Period 


320 


2000 


ns 




tl 


CLK Low Time 


80 




ns 




t2 


CLK High Time 


120 




ns 




tr.tf 


CLK Rise and Fall Time 




30 


ns 




tXKR 


Xi Rising to CLK Rising 


30 


120 


ns 




tXKF 


Xi Rising to CLK Falling 


30 


150 


ns 




tAC 


A8-15 Valid to Leading Edge of Control' 1 ] 


270 




ns 




tACL 


A0-7 Valid to Leading Edge of Control 


240 




ns 




tAD 


Ao-15 Valid to Valid Data In 




575 


ns 




tAFR 


Address Float After Leading Edge of 
READ (INTA) 







ns 




tAL 


As-is Valid Before Trailing Edge of ALE [11 


90 




ns 




tALL 


Ao-7 Valid Before Trailing Edge of ALE 


70 




ns 




tARY 


READY Valid from Address Valid 




220 


ns 




tCA 


Address (A8-A15) Valid After Control 


120 




ns 




tec 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 


400 




ns 





10-71 



iny 



M8085A 



A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


M8085A 121 


Units 


Test Conditions 


Min. 


Max. 


tCL 


Trailing Edge of Control to Leading Edge of 
ALE 


50 




ns 




tDW 


Data Valid to Trailing Edge of WRITE 


420 




ns 




tHABE 


HLDA to Bus Enable 




210 


ns 




tHABF 


Bus Float After HLDA 




210 


ns 




tHACK 


HLDA Valid to TRailing Edge of CLK 


110 




ns 




tHDH 


HOLD Hold Time 







ns 




tHDS 


HOLD Setup Time to Trailing Edge of CLK 


170 




ns 




tlNH 


INTR Hold Time 







ns 




tlNS 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


160 




ns 




tLA 


Address Hold Time After ALE 


100 




ns 




tLC 


Trailing Edge of ALE to Leading Edge 
of Control 


130 




ns 




tLCK 


ALE Low During CLK High 


100 




ns 




tLDR 


ALE to Valid Data During Read 




460 


ns 




tLDW 


ALE to Valid Data During Write 




200 


ns 




tLL 


ALE Width 


140 




ns 




tLRY 


ALE to READY Stable 




110 


ns 




tRAE 


Trailing Edge of READ to Re-Enabling 
of Address 


150 




ns 




tRD 


READ (or iNTA) to Valid Data 




300 


ns 




tRV 


Control Trailing Edge to Leading Edge 
of Next Control 


400 




ns 




tRDH 









ns 




Data Hold Time After READ INTA M 


tRYH 


READY Hold Time 







ns 




tRYS 


READY Setup Time to Leading Edge 
of CLK 


110 




ns 




tWD 


Data Valid After Trailing Edge of WRITE 


100 




ns 




tWDL 


LEADING Edge of WRITE to Data Valid 




40 


ns 





NOTES: 

1. A8-A15 address Specs apply to IO/M, So, and Si except A8-A15 are undefined during T4-T6 of OF cycle whereas IO/M, So, and 

Si are stable. 
2 - Test conditions : tcYC = 320ns; Cl = 150pF. 

3. For all output timing where Cl t* 150pF use the following correction factors: 
25pF < Cl < 150pF: -0.10 ns/pF 

150pF < Cl < 300pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output voltage Vl - 0.8V, Vh = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of tcYC use Table. 

7. Data hold time is guaranteed under all loading conditions. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



~> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



ic L = n 



50 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



BUS TIMING SPECIFICATION 
AS A T C yc DEPENDENT 



t AL 


(1/2)T-45 




MIN 


*LA 


(1/2) T- 60 




MIN 


l LL 


(1/2) T- 20 




MIN 


t LCK 


(1/2) T- 60 




MIN 


t LC 


(1/2) T- 30 




MIN 


t AD 


(5/2 + N) T - 


225 


MAX 


t RD 


(3/2 + N)T- 


180 


MAX 


*RAE 


(1/2) T- 10 




MIN 


l CA 


(1/2) T- 40 




MIN 


t DW 


(3/2 + N) T - 


60 


MIN 


X \ND 


(1/2) T- 60 




MIN 


l CC 


(3/2 + N) T - 


80 


MIN 


l CL 


(1/2) T- 110 




MIN 


t ARY 


(3/2) T - 260 




MAX 


l HACK 


(1/2) T- 50 




MIN 


t HABF 


(1/2)T + 50 




MAX 


t HABE 


(1/2)T + 50 




MAX 


*AC 


- (2/2) T - 50 




MIN 


*1 


(1/2) T- 80 




MIN 


t 2 


(1/2) T- 40 




MIN 


*RV 


(3/2) T- 80 




MIN 


l LDR 


(4/2) T- 180 




MAX 



NOTE: 



is equal to the total WAIT states. 
: tCYC- 
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WAVEFORMS 



CLOCK 








1 












Xi INPUT -n 

CLK 
OUTPUT __ 


r~ 


\ 


i 


1 v_ 




\ 


_y v_ 


/ 


\ 












- — t f 






-i 








*XKR 


I 


— 


txKF 


\ 


r ■ 


*+ t 1 *. 





















READ I 

CLK 



31 



D 0-AD 7 ~^ r 



•7 



•\—j l— J — v__^ — V 



t= 



EEEZ> — <tME 



-H— t LC ^S t 



/ 



i 



:> — < 



7 



WRITE 



-n: 



31 



=i- 



- ^DW 




1 Z 

_t, c *. k. 



-A / \ / \ I V 

p l LCK— »► 



2L. 



/ 



j ^_ t CL — . 



10-74 



iny 



M8085A 



WAVEFORMS (Continued) 



READ OPERATION WITH WAIT CYCLE (TYPICAL) 
SAME READY TIMING APPLIES TO WRITE OPERATION 



1 T, 


I 


T 2 




i 

\ 


T WAIT 


1 


T 3 

/ 


t 




Ti 


' \ 


1 


L 


/ 


\ 


V 


/ 




■* *LCK — *■ 






- — t CA _► 






aba 15 y 




ADDRESS 




X 










*RDH -*> 


■*— l RAE *■ 


















ADq-AD; \ 




ADDRESS 


\ >/// 






/////>: ««« 


< 




' 1 


u / 


„? 






— t L L— - 


t LA 

*AFR -»• 








ALE J 




-^ 


































"" 








RD/INTA 




- t LC ^ 

•* *LRY- 


s: 










'J 


r 






— *i 


tRYH 




\ ) ■ 














tRY 








ARV 


*• «► 




READY 






\ 


I 


r 




1 I - 













HOLD 

clk\ 

HOLD 

HLDA 

BUS 


T 2 




T 3 




T HOLD 




T HO 

/ 


LD 




T 1 

/ 


/ 


\ 


/ 


"\ 


/ 


\ 




\ 








(i 






1 


1 
"*- t HDS*' 


~3 


V 


i <_ 


\ 




t HDH 

1 


■*- t HACK"^ 


it 
















L 


— — ^y- 






\ 


» 






1^ t HABF- 




t HABE — 




(ADDRESS, CONTROLS) 






<: 


y > )r 
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WAVEFORMS (Continued) 



INTERRUPT 



INTR/// / 



« -* — w 



n 



\ 



JET 



-r r- 

\.mJ 



X 



BUS FLOATING* 



*\ 



'HOLD '1 



\ 



xz 



,^v 



■\ 



*IO/M IS ALSO FLOATING DURING THIS TIME. 
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MILITARY iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 



(M8086) 
MILITARY 



m Direct Addressing Capability to 1 
MByte of Memory 



■ Assembly Language Compatible with 
8080/8085 

■ 14 Word, By 16-Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 

■ Bit, Byte, Word, and Block Operations 



■ 8-and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 

■ 5 MHz Clock Rate 



■ MULTIBUS™ System Compatible 
Interface 

■ Military Temperature Range: 
-55°Cto+125°C 



The Intel® Military iAPX 86/10 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a40-pin CerDIP package. The processor has attributes of 
both 8- and 1 6-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 1 6-bit wide physical path to 
memory for high performance. 



EXECUTION UNIT BUS INTERFACE UNIT 



REGISTER FILE 



DATA. 

POINTER, AND 

INDEX REGS 

(8 WORDS) 



SEGMENT 
REGISTERS 
AND 
INSTRUCTION 
POINTER 
(5 WORDS) 




GND C 


1 


^ 40 


3 v C c 


AD14 C 




39 


3 AD15 


AD13 C 


3 


38 


3 A16/S3 


AD12 C 


4 


37 


3 A17/S4 


AD11 C 


5 


36 


3 A18/S5 


AD10 C 


6 


35 


3 A19/S6 


AD9 C 




34 


3 BHE/S7 


AD8 C 


8 


33 


3 MN/MX 


AD7 C 


9 


32 


3 RD 


AD6 C 


10 


31 


3 RQ/GT0 (HOLD) 


AD5 C 


11 M8086 30 


3 RQ/GT1 (HLDA) 


AD4 C 


12 


29 


3 LOCK (WR) 


AD3 C 


13 


28 


3 S2 (M/IO) 


AD2 C 


14 


27 


3 Si (DT/R) 


AD1 C 


15 


26 


3 SO (DEN) 


ADO C 


16 


25 


3 QS0 (ALE) 


NMI C 


17 


24 


3 QS1 (INTA) 


INTR C 


18 


23 


3 tIst 


CLK C 


19 


22 


3 READY 


GND C 


20 


21 


3 RESET 



Figure 1. Functional Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias — -55°C to +125°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1.0 to + 7V 

Power Dissipation 2.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V,H 


Input High Voltage 


2.0 


V CC +0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


I O l=2.0 mA 


Voh 


Output High Voltage 


2.4 




V 


I h= -400/iA 


•cc 


Power Supply Current 




340 


mA 


T A =25°C 


•li 


Input Leakage Current 




±10 


MA 


0V < V| N < V cc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V < V 0UT < V cc 


V C L 


Clock Input Low Voltage 


-0.5 


+ 0.6 


V 




V C H 


Clock Input High Voltage 


3.9 


V CC +1-0 


V 




C IN 


Capacitance of Input Buffer 
(All input except 
AD -AD 15 , RQ/GT) 




15 


PF 


fc=1 MHz 


Cio 


Capacitance of I/O Buffer 
(AD -AD 15 , RQ/GT) 




15 


PF 


fc=1 MHz 
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A.C. CHARACTERISTICS (T A = -55°c to +125°C, v C c = 5V ±10%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


iAPX 86 


Units 


Test Conditions 


Min. 


Max. 


TCLCL 


CLK Cycle Period — 8086 


200 


500 


ns 


From 1.0V to 35.V 


TCLCH 


CLK Low Time 


( 2 /3TCLCL)-15 




ns 


TCHCL 


CLK High Time 


(V 3 TCLCL) + 2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1 .0V 


TDVCL 


Data in Setup Time 


30 




ns 




TCLDX 


Data In Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1, 2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes, 1, 2) 







ns 


TRYHCH 


READY Setup Time Into 8086 


( 2 /3 TCLCL)- 15 




ns 


TCHRYX 


READY Hold Time Into 8086 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 3) 


-8 




ns 


THVCH 


HOLD Setup Time 


35 




ns 


TINVCH 


INTR, NMI, TEST Setup Time (See Note 2) 


30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



TIMING RESPONSES 



Symbol 


Parameter 


iAPX 86 


Units 


Test Conditions 


Min. 


Max. 


TCLAV 


Address Valid Delay 


10 


110 


ns 


C L = 20-100 pFfor 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TLHLL 


ALE Width 


TCLCH-20 




ns 


TCLLH 


ALE Active Delay 




80 


ns 


TCHLL 


ALE Inactive Delay 




85 


ns 


TLLAX 


Address Hold Time to ALE Inactive 


TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TWHDX 


Data Hold Time After WR 


TCLCH-30 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


ns 


TAZRL 


Address Float to READ Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 


TCLRM 


RD Inactive Delay 


10 


150 


ns 


TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TWLWH 


WR Width 


2TCLCL-60 




ns 


TAVAL 


Address Valid to ALE Low 


TCLCH-60 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at r 

3. Applies only to 12 state (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



-1.5 -« TEST POINTS ►1.5H 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



-~C L = 100pF 



I 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



BUS TIMING— MINIMUM MODE SYSTEM 



CLK (8284A Output) 



-v iolul "- iv^ni^n^-— r— - "■ 

VCL 



BHE/S7, Aig/S6-A 16 /S 3 



RDY (8284A Input) 
SEE NOTE 4 



READY (8086 Input) 



READ CYCLE 

(NOTE 1) 

(WR,fNTA = V H) 



TCH1CH2-^| •[*- 



_A 



/ 



T 3 Tw 

■— TCL2CL1 / 



BHE, A19-A16 



TAVAL 

TCHLL-— I 



\ 



X 



TAVAL 
TLLAX- 



)( 



V| H 
VlL 
TRYLCL 



Y 



r^-r\ 



S7-S3 



y 



/ 



x 



X 



/ 



\ 



-TCHCTV TCLRL 



\ 





r 
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WAVEFORMS (Continued) 



BUS TIMING— MINIMUM MODE SYSTEM (Continued) 

I T, T 2 



CLK (8284A Output) 



BHE/S 7 , A19/S6-A16/S3 



- TCLCL ►TCH1CH2hJ U- — j L- TCL2CL1 / 

VCL 



WRITE CYCLE 
(NOTE 1) 

(RD.INTA, 
DT/R" = V 0H ) 



INTA CYCLE 
(NOTES 1 & 3) 
RD,WR = V h 

SHE . Vol) 



SOFTWARE HALT— 
RD, WR, INTA = V H 
DT/R = INDETERMINATE 



X 



x 



TAVAL 

TCHLL— I 



\ 



I TCLDV 
TCLAX— 



X 



X 



a 



X 



\ 



TAVAL 
TLLAX I*- 



\ 



TCVCTX — 
-TDVCL 




X 



X 



/ 



-TWHDX—J 



y 



1— <= 

f »— TCVCTX 




~Y~ 



INVALID ADDRESS 



SOFTWARE HALT 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T 3 , T w to determine if T w machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 



MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLCL 


CLK Cycle Period — 8086 


200 


500 


ns 




TCLCH 


CLK Low Time 


(2,6 TCLCL)- 15 




ns 




TCHCL 


CLK High Time 


(y 3 TCLCL) 4- 2 




ns 


TCH1CH2 


CLK Rise Time 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




ns 




TCLDX 


Data in Hold Time 


10 




ns 


TR1VCL 


RDY Setup Time into 8284 (See Notes 1 , 2) 


35 




ns 


TCLR1X 


RDY Hold Time into 8284 (See Notes 1 , 2) 







ns 


TRYHCH 


Ready Setup Time into 8086 


(% TCLCL)- 15 




ns 


TCHRYX 


Ready Hold Time into 8086 


30 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




ns 


TINVCH 


Setup Time for Recognition 
(INTR, NMI, TEST) (See Note 2) 


30 




ns 


TGVCH 


RQ/GT Setup Time 


30 




ns 


TCHGX 


RQ Hold Time into 8086 


40 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



TIMING RESPONSES 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLML 


Command Active Delay (See Note 1) 


10 


35 


ns 


C L = 20-100 pF for 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


ns 


TRYHSH 


READY Active to Status Passive (See Note 3) 




110 


ns 


TCHSV 


Status Active Delay 


10 


110 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


ns 


TCLAV 


Address Valid Delay 


10 


110 


ns 


TCLAX 


Address Hold Time 


10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


ns 


TSVLH 


Status Valid to ALE High (See Note 1) 




15 


ns 


TSVMCH 


Status Valid to MCE High (See Note 1) 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 


ns 


TCLMCH 


CLK Low to MCE High (See Note 1) 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 


ns 


TCLMCL 


MCE Inactive Delay (See Note 1) 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


ns 


TCHDX 


Data Hold Time 


10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


ns 


TAZRL 


Address Float to Read Active 







ns 


TCLRL 


RD Active Delay 


10 


165 


ns 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8086/8086-4 


Units 


Test Conditions 


Min. 


Max. 


TCLRH 


RD Inactive Delay 


10 


150 


ns 




TRHAV 


RD Inactive to Next Address Active 


TCLCL-45 




ns 


TCHDTL 


Direction Control Active Delay (See Note 1) 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 


ns 


TCLGL 


GT Active Delay 





85 


ns 


TCLGH 


GT Inactive Delay 





85 


ns 


TRLRH 


RD Width 


2TCLCL-75 




ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK, 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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WAVEFORMS 



BUS TIMING— MAXIMUM MODE SYSTEM (USING 8288) 

Ti T 2 



S2,5T,§0 (EXCEPT HALT) 



BHE/S7, A19/S6-A16/S3 



ALE (8288 OUTPUT) 



RDY (8284A INPUT) 



READY (8086 INPUT) 



8288 OUTPUTS 
SEE NOTES 5,6 



MRDCORiOTf5 



\ 



TCLAV 
TCLAX — » 



T 

BHE, A19-A16 



TSVLH— | 
TCLLH- 



T 



READ CYCLE TCLAV _ 

AD15-AD0 



x: 



\ 



x 



„ TCLCL TCH1CH2--| I J k-TCL2CL1 Tw 

+- .. -TCHCL ^TCLCK 

irfTyl-T Xib r 



21 



WW< 



I (SEE NOTE 8) 

TCHDX— - 



S/-S 3 



r 



"\ 



\ 




\ 



)C 



\ 



X 



/ 

j 
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WAVEFORMS (Continued) 



BUS TIMING— MAXIMUM MODE SYSTEM (USING 8288) 
(Continued) T > T = 



"JT^jT^U^^rx 



Sl,S7,5S (EXCEPT HALT) 



\ 



WRITE CYCLE 



8288 OUTPUTS 
SEE NOTES 5,6 



INTA CYCLE 



AMWC OR AIOWC 



MWTC OR IOWC 



ADis-ADo 

(SEE NOTES 3 & 4) 



MCE/ 
PDEN 



8288 OUTPUTS 
SEE NOTES 5,6 



h* 



15 " AP ? A 






-TCLML -»• 




-(see note 8) 

TCHDX — 



T 



>-c 



\ 



/ 




FLOAT 
- TCLDX 



-c 



■c 



— j\ i—TCVNV 



SOFTWARE H ALT- 

(DEN = VoL;ra.MfiDe,IORC,MWTC,AMWC,IOWC,AIOWC,INTA, = Vqh) 



TCVNX-— I*— 




/ 



INVALID ADDRESS 



"V 



J 



v 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



■^vUX 



X 



- TINVCH (••• not* 1) 



NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TOGUARANTEE RECOGNITION 
AT NEXT CLK 



BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 



^ 



Any CLK Cycle — ►] 



"Sl. 



^ 



\ 



-Any CLK Cycle — 



"V 



r 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 



<"A 




J X 



AD15-AD0 >— 

A,9/S 6 -A 16 /S 3 

Si. SI, Si 

TO, COCK , 

bhe;s7 



Y 



"\ 



PULSE 3 , 

:oprocessor/ 

RELEASE / 



COPROCESSOR 



HE 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



AD15-AD0, 

Ai9/S 6 -A 16 /S3, 

BHE/S7JA/IO, 
DT/R, WR, DEN 



1 CLK CYCLE— J 



:/ 



,hV 



jT^ 



"1 

|— TCL 

r 



TOR 2 CYCLES- 



"\_ 



r 



X 



COPROCESSOR 

— It — 



)K 
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M8155 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

MILITARY 



Military Temperature Range: 
-55°C to +125°C 

256 Word x 8 Bits 

Single +5V Power Supply 

Completely Static Operation 

Internal Address Latch 



■ 2 Programmable 8 Bit I/O Ports 

■ 1 Programmable 6-Bit I/O Port 

■ Programmable 14-Bit Binary 
Counter/Timer 

■ Multiplexed Address and Data Bus 

■ 40 Pin DIP 



The M81 55 is a RAM and I/O chip to be used i n the MCS-85® microcomputer system. The RAM portion is designed with 2048 
static cells organized as 256 x 8. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 



WR- 
RESET- 



-<^> 



256X8 
STATIC 
RAM 



TIMER CLK ' 



TIMER OUT- 



/ l P0RTA K 
PORT B^ 



V 



^> PC « * 



I V rr (♦! 



5V) 
V., (0V) - 




Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


RESET 


I 


Reset: Pulse provided by the 8085A to 
initialize the system (connect to 8085A 
RESET OUT). Input high on thisJine resets 
the chip and initializes the three I/O ports 
to input mode. The width of RESET pulse 
should typically be two 8085A clock cycle 
times. 


AD0-7 




Address/Data: 3-state Address/Data lines 
that interface with the CPU lower 8-bit 
Address/Data Bus. The 8-bit address is 
latched into the address latch inside the 
M8155 on the falling edge of ALE. The 
address can be either for the memory 
sectionor the I/O section depending on 
the IO/M input. The 8-bit data is either 
written into the chip or read from the chip, 
depending on the WR or RD input signal. 


CE 


I 


Chip Enable: On the M81 55, this pin is CE 
and is ACTIVE LOW. 


RD 




Read Control: Input low on this line with 
the Chip Enable active enables and 
AD0-7 buffers. If IO/M pin is low, the RAM 
content will be read out to the AD bus. 
Otherwise the content of the selected I/O 
port or command/status registers will be 
read to the AD bus. 


WR 


I 


Write Control: Input low on this line with 
the Chip Enable active causes the data on 
the Address/Data bus to be written to the 
RAM or I/O ports and command/status 
register depending on IO/M. 



Symbol 


Type 


Name and Function 


ALE 


I 


Address Latch Enable: This control sig- 
nal latches both the address on the 
AD _7 lines and the state of the Chip 
Enable and IO/M into the chip at the fall- 
ing edge of ALE. 


IO/M 


I 


I/O Memory: Selects memory if low and 
I/O and command/status registers if high. 


PAo- 7 (8) 


I/O 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected by 
programming the command register. 


PB - 7 (8) 


I/O 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected by 
programming the command register. 


PCo- 5 (6) 


I/O 


These 6 pins can function as either input 
port, output port, or as control signals for 
PA and PB. Programming is done through 
the command register. When PCq-s are 
used as control signals, they will provide 
the following: 

PC — A INTR (Port A Interrupt) 
PCj— ABF (Port A Buffer Full) 
PC 2 — A STB (Port A Strobe) 
PC 3 — B INTR (Port B Interrupt) 
PC 4 — B BF (Port B Buffer Full) 
PC 5 — B STB (Port B Strobe) 


TIMER IN 


I 


Timer Input: Input to the counter-timer. 


TIMER OUT 





Timer Output: This output can be either a 
square wave or a pulse depending on the 
timer mode. 


v C c 




Voltage: +5 volt supply. 


v S s 




Ground: Ground Reference. 



FUNCTIONAL DESCRIPTION 

The M8155 contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Two 8-bit I/O ports i PA & PB i and one6-bit I/O port i PC i 

• 14-bit timer-counter 

The IO/M dO/Memory Select i pin selects either the five 
registers (Command, Status, PAo-7, PB0-7, PCo-5> or 
the memory (RAM) portion. (See Figure 1.i 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE. 



77 



I 



8 BIT INTERNAL DATA BUS "} 

"77 TV 



<7 77 



77 



77 



77 



77 



/. /, 



<v> \> \7 



It 



TIMER 
MSB 



^ 



TIMER 
LSB 



TIMER 
MODE 



I 



Figure 3. M8155 Internal Registers 
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Programming of the 
Command Register 

The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7 ) are for the timer. 

The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and IO/ffi = 1. The 
meaning of each bit of the command byte is defined in 
Figure 4. The contents of the command register may never 
be read. 



Reading the Status Register 

The status register consists of seven latches, one for each 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled by 
reading the Status Register (Address XXXXX000). Status 
word format is shown in Figure 5. Note that you may never 
write to the status register since the command register 
shares the same I/O address and the command register is 
selected when a write to that address is issued. 



|tm 2 |ti 



^| pc 2 | P 



El 



r. 



DEFINES PA0.7 
♦ DEFINES PB0-7 



= INPUT 

1 = OUTPUT 



-•► DEFINES PCq-5 - 



ALT 1 
ALT 2 
ALT 3 
10 = ALT 4 



11 



. ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
" INTERRUPT 



1 = ENABLE 
= DISABLE 



►TIMER COMMAND- 



00 = NOP - DO NOT AFFECT COUNTER 

OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 

STOP COUNTING IF THE TIMER IS 
RUNNING 

10 = STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND CNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 



Figure 4. Command Register Bit Assignment 



AD 7 AD 6 AD 5 AD 4 AD 3 AD 2 AD! AD 



M 



n 



PORT A INTERRUPT REQUEST 



-•► PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 



PORT A INTERRUPT ENABLE 



PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLED 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED. AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 



Figure 5. Status Register Bit Assignment 
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Input/Output Section 

The I/O section of the M8155 consists of five registers: 
(See Figure 6.) 

• Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 

When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the AD0-7 lines. 

• PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PA0-7. 
The address of this register is XXXXX001. 

• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB0-7. The address 
of this register is XXXXX010. 

• PC Register — This register has the address XXXXX01 1 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 

When PC0-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the M8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 

When the 'C port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 



CONTROL 


INPUT MODE 


OUTPUT MODE 


BF 
INTR 
STB 


Low 

Low 

Input Control 


Low 

High 

Input Control 



I/O ADDRESSt 


SELECTION 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 







1 



0. 

1 
1 








1 



Interval Command/Status Register 

General Purpose I Port A 

General Purpose I/O Port B 

Port C — General Purpose I or Control 

Low-Order 8 bits of Timer Count 

High 6 bits of Timer Count and 2 bits 

of Timer Mode 



X: Don't Care. _ 

t: I/O Address must be qualified by CE = (M8155) and IO/M = 1 in order to select the 
appropriate register. 



Figure 6. I/O Port and Timer Addressing Scheme 



Figure 7 shows how I/O PORTS A and B are structured 
within the M8155: 



ONE BIT OF PORT A OR PORT B 



/\ 



OUTPUT 
^ LATCH 
D G 

CLK CLR 



6 



OUTPUT 
ENABLE 



-a 



n> 




[J 



<H 



v 

NOTES. 

(1) OUTPUT MODE ~| 

(2) SIMPLE INPUT I- 



J c 



MULTIPLEXER 



= 1 FOR OUTPUT MODE 
= FOR INPUT MODE 



(3) STROBED INPUT 

READ PORT = <IO/M=1)» (RD=0) • (CE ACTIVE)* (PORT ADDRESS SELECTED) 

WRITE PORT= (IO/M=1)» (WR=0) • (CE ACTIVE)* (PORT ADDRESS SELECTED) 



Figure 7. M8155 Port Functions 
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Table 2. 


Port Control Assignment 




Pin 


ALT1 


ALT 2 


ALT 3 


ALT 4 


PCO 


Input Port 


Output Port 


A INTR (Port A Interrupt) 


A INTR iPort A Interrupt* 


PC1 


Input Port 


Output Port 


A BF (Port A Buffer Full) 


A BF (Port A Buffer Full) 


PC2 


Input Port 


Output Port 


A STB (Port A Strobe i 


A STB i Port A Strobe > 


PC3 


Input Port 


Output Port 


Output Port 


B INTR i Port B Interrupt) 


PC4 


Input Port 


Output Port 


Output Port 


B BF i Port B Buffer Full) 


PC5 


Input Port 


Output Port 


Output Port 


B STB i Port B Strobe i 



Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the M8155 are "glitch-free" meaning that 
you can write a "1 " to a bit position that was previously "1 " 
and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the M8155 is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 

Figure 8 shows how the M8155 I/O ports might be con- 
figured in a typical MCS-85 system. 



OUTPUT ^ > PORT A 



TO 8085 RST INPUT 



A INTR (SIGNALS DATA RECEIVED) 



A BF (SIGNALS DATA READY) 



A STB (ACKNOWL. DATA RECEIVED) 



B STB (LOADS PORT B LATCH) 



B BF (SIGNALS BUFFER IS FULL) 



B INTR (SIGNALS BUFFER 



TO/FROM 

PERIPHERAL 

INTERFACE 



READY FOR READING) 



TO 8085 INPUT PORT (OPTIONAL) 
TO 8085 RST INPUT 



Figure 8. Example: Command Register =00111001 



Timer Section 

The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. (See Figure 6). 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 9). The value loaded into the count length 
register can have any value from 2H through 3FFH in Bits 
0-13. 





7 6 5 4 3 2 1 









M 2 


M 1 


T13 


T12 


T11 


T10 


T 9 


T 8 






ll 






TIMER MODE MSB OF CNT LENGTH 
7 6 5 4 3 2 1 









- 


T 6 


T 5 


T 4 


T 3 


T 2 


Ti 


, 














LSB OF CNT LENGTH 







Figure 9. Timer Format 

There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 11. 



TIMER OUT WAVEFORMS: 

MODE START 

BITS COUNT 

M 2 Ml \_ 

1 - SINGLE 

SQUARE WAVE 



2. CONTINUOUS 
SQUARE WAVE 



TERMINAL 
COUNT 



/terminal^ 

I COUNT J 



3. SINGLE 
PULSE ON 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES 



1/ — 
IT - 



"XT 



Figure 10. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 



TM2 



1 



TM1 

1 



NOP — Do not affect counter operation . 

STOP — NOP if timer has not started; 
stop counting if the timer is running. 

STOP AFTER TC — Stop immediately 
after present TC is reached ( NOP if timer 
has not started ) 

START — Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 



Note that while the counter is counting, you may load a 
new count and mode into the count length registers. Be- 
fore the new count and mode will be used by the counter, 
you must issue a START command to the counter. This 
applies even though you may only want to change the 
count and use the previous mode. 

In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 11. 













I 






5 

4 REFER TO! 


4 






NOTE: 5 AND 


fHE NUMBE 


R OF CLOCKS IN THAT TIME PERIOD 



The counter in the M81 55 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 

Please note that the timer circuit on the M8155 chip is 
designed to be a square-wave timer, not an event counter. 
To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of the 
hardware interrupt pins on the 8085A be used.) After the 
timer has started counting down, the values residing in the 
count registers can be used to calculate the actual number 
of TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the 
following operations in order: 

1. Stop the- count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry is set, add 1/2 of the full original count ( 1/2 full 
count — 1 if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the M81 55 always counts 
out t he right number of pulses in generating the TIMER 
OUT waveforms. 



Figure 11. Asymmetrical Square-Wave Output 
Resulting from Count of 9 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°Cto+150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = -55°c to +125°C, v C c = sv ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1.6mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh = -400mA 


IlL 


Input Leakage 




±10 


ma 


0V *£ V, N =s V CC 


»LO 


Output Leakage Current 




±10 


ma 


0.45V < Vqut < V C c 


•cc 


Vcc Supply Current 




180 


mA 




Iil(CE) 


Chip Enable Leakage 
M8155 




+100 


MA 


0V ^ V, N ^ V CC 
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A.C. CHARACTERISTICS (T A = -55°c to +125°C, 



Vcc = 5V±10%) 





M8155 




Symbol 


Parameter 


Mfn. 


Max. 


Units 


tAL 


Address to Latch Set Up Time 


50 




ns 


tLA 


Address Hold Time after Latch 


80 




ns 


tLC 


Latch to READ/WRITE Control 


100 




ns 


*RD 


Valid Data Out Delay from READ Control 




170 


ns 


*AD 


Address Stable to Data Out Valid 




400 


ns 


tLL 


Latch Enable Width 


100 




ns 


tRDF 


Data Bus Float After READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




ns 


l CC 


READ/WRITE Control Width 


250 




ns 


tDW 


Data In to WR ITE Set Up Time 


150 




ns 


tWD 


Data In Hold Time After WRITE 







ns 


*RV 


Recovery Time Between Controls 


300 




ns 


twp 


WRITE to Port Output 




400 


ns 


tpR 


Port Input Setup Time 


70 




ns 


tRP 


Port Input Hold Time 


50 




ns 


tSBF 


Strobe to Buffer Full 




400 


ns 


tss 


Strobe Width 


200 




ns 


*RBE 


READ to Buffer Empty 




400 


ns 


tsi 


Strobe to INTR On 




400 


ns 


*RDI 


READ to INTR Off 




400 


ns 


tpss 


Port Setup Time to Strobe Strobe 


50 




ns 


tPHS 


Port Hold Time After Strobe 


120 




ns 


tSBE 


Strobe to Buffer Empty 




400 


ns 


tWBF 


WRITE to Buffer Full 




400 


ns 


tW! 


WRITE to INTR Off 




400 


ns 


tTL 


TIMER-IN to TIMER-OUT Low 




400 


ns 


tTH 






400 


ns 


TIMER-IN to TIMER-OUT High 


*RDE 


Data Bus Enable from READ Control 


10 




ns 


tl 


TIMER-IN Low Time 


80 




ns 


t2 


TIMER-IN High Time 


120 




ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I 



= 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 
READ 



A 

ixz: 

-* t AL 



> 



A 



\ 
\ 

-? V DATA VALID S / 

{ 



WRITE 



a z 

A Z 

V ADDRESS \ 

** *AL ** ** *LA *• 

yf \ 



\ 



DATA VALID 






/ 



i 
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WAVEFORMS (Continued) 



STROBED INPUT MODE 



/ 



\A^T 



INPUT DATA 
FROM PORT 



z 




T 



STROBED OUTPUT MODE 



v 



\ 



\AJ 



OUTPUT DATA 
TO PORT 
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WAVEFORMS (Continued) 



BASIC INPUT MODE 














*RP 

7 






RD 


l PR 


"> 


t 




. . 






* H 




INPUT 


> 


: X 






DATA BUS* 




X_ 










BASIC OUTPUT MODE 










WR 




~\ 


?^~ 








— <W 


<: 

X 


DATA BUS* 




" ~xzz 


\ 






OUTPUT 
> *DATA BUS TIMING IS SHOWN IN FIGURE 7. 




* — 











TIMER OUTPUT 



LOAD COUNTER FROM CLR 

I 2 I 1 




TIMER OUT 
(PULSE) 



TIMER OUT 
(SQUARE WAVE) 



- (IMUI c u * 



NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 



/ 



K 
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M8185* 
1024 x 8-BIT STATIC RAM FOR MCS-85« 

'Compatible with 8085A. 
MILITARY 



v Multiplexed Address and Data Bus 

■ Directly Compatible with 8085A 
and 8088 Microprocessors 

■ Low Operating Power Dissipation 



■ Low Standby Power Dissipation 

■ Single +5V Supply 

■ High Density 18-Pin Package 

■ Military Temperature Range: 
-55° C to +125° C 



The Intel® M8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Si!icon=Gate MOS technology. The multiplexed address and data bus aiiows the 81 85 to interface directiy to the 8085A and 
8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 



A 8 , A 9 - 
ALE - 



R/W 
LOGIC 



} 



DATA 

BUS 

BUFFER 



1Kx8 

RAM 

MEMORY 

ARRAY 



X Y DECODE 



ADqC 
AD-, E 
AD 2 C 
AD 3 C 
AD 4 C 
AD 5 [I 
AD 6 C 
AD 7 [I 
Vss C 



D v cc 
3 RD 
3 WR 
3 ALE 

3 cs 

HCEi 
D CE 2 

]A 9 

]A 8 



AD AD 7 


ADDRESS/DATA LINES 


A 8 . A 9 


ADDRESS LINES 


cs 


CHIP SELECT 


CE, 


CHIP ENABLE (IO/M) 


CE 2 


CHIP ENABLE 


ALE 


ADDRESS LATCH ENABLE 


RD 


READ ENABLE 


WR 


WRITE ENABLE 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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PREuaiNAirW 



FUNCTIONAL DESCRIPTION 

The 81 85 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, As and Ag, and the status of CEi and 
CE2 are all latched internally in the 81 85 by the falling edge 
of ALE. If the latched status of both CEi and CE2 are 
actiye^the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CEi and CE2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connection would be to wire the 8085A's 
IO/M line to the 8185's CEi input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 



Table 1. 



Truth Table for Power Down and Function 
Enable 



CE! 


CE 2 


CS 


(cs*y 2 ' 


8185 Status 


1 


X 


X 





Power Down and 
Function Disablefi] 


X 





X 





Power Down and 
Function Disables j 





1 


1 





Powered Up and 
Function Disablefi] 





1 





1 


Powered Up and 
Enabled 



NOTES: 

X: Don't Care. 

1: Function Disable implies Data Bus in high impedance state 

and not writing. 

2: CS* = (CEi = 0) . (CE2 = 1 ) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 



Table 2. Truth Table for Control and Data Bus Pin 
Status 



(CS*) 


RD 


WR 


AD -7 During Data 
Portion of Cycle 


8185 Function 





X 


X 


Hi-Impedance 


No Function 


1 





1 


Data from Memory 


Read 


1 


1 





Data to Memory 


Write 


1 


1 


1 


Hi-Impedance 


Reading, but not 
Driving Data Bus 



NOTE: 

X: Don't Care. 



Hoh 



TRAP 

RST7.5 

RST6,5 

RST5,5 

INTR 

TnTa 



8085A 



HOLD 

HLDA 

SOD 

SID 



RESET - 

ADDR/ _OUT °° 

ADDR DATA ALE RD WR IO/M RDY CLK 



7T 



C 



V V 



CE 

WR 

PORT 

RD 8156 B 

ALE 






IO/M TIMER 
occc-r OUT 



{> 



8355/ 
8755A 

DATA/ 
ADDR 

IO/M pQR 

RESET 

RDY 

CLK 



<5> 



<x> 



rmr 

VssV cc VddPROG 



> 



UC1 8185 

ALE 
CS, CE 2 
A 8 ,A 9 



t t 

v ss v cc 



Figure 3. 8185 in an MCS-85 System 



4 Chips: 
2K Bytes ROM 
1 .25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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PREUMIIINARV 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -55°C to + 125 °C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc =5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2.2 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


l L=1-6mA 


Voh 


Output High Voltage 


2.4 






•OH = -400/aA 


IlL 


Input Leakage 




±10 


MA 


VlN = VCC 


lLO 


Output Leakage Current 




±10 


MA 


0.45V < VoUT < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




150 


mA 






50 


mA 





A.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc =5V ± 


10%) 






Symbol 


Parameter 11 ] 


8185 
Preliminary 


Units 


Min. 


Max. 


tAL 


Address to Latch Set Up Time 


50 




ns 


tlA 


Address Hold Time after Latch 


80 




ns 


tLC 


Latch to READ/WRITE Control 


100 




ns 


tRD 


Valid Data Out Delay from READ Control 




170 


ns 


t|D 


ALE to Data Out Valid 




300 


ns 


tLL 


Latch Enable Width 


100 




ns 


Irdf 


Data Bus Float after READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




ns 


tec 


READ/WRITE Control Width 


250 




ns 


tow 


Data In to Write Set Up Time 


150 




ns 


twD 


Data In Hold Time after WRITE 


20 




ns 


*sc 


Chip Select Set Up to Control Line 


10 




ns 


tcs 


Chip Select Hold Time after Control 


10 




ns 


Ulce 


Chip Enable Set Up to ALE Falling 


30 




ns 


t|-ACE 


Chip Enable Hold Time after ALE 


50 




ns 



NOTES: 

1. All A.C. parameters are referenced at 

a) 2.4V and .45V for inputs 

b) 2.0V and .8V for outputs. 
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PREURffliNAiRY 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



^> TEST POINTS <^ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



* 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



(CEt'OK 
(CE 2 = D 



AD0-AD7 
(A 8 .A 9 ) 



/ 



r\ 



x 



/ 



\ 



/ 



p-^HJOCXI 






WRITE DATA 



r\ 



w 



\ 



X 



/ t 



\ 



/ 



(READ CYCLE) 



(WRITE CYCLE) 



X 



(DESELECTED) 
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M8212 
8-BIT INPUT/OUTPUT PORT 

MILITARY 



I Fully Parallel 8-Bit Data Register and 
Buffer 

■ Service Request Flip-Flop for Interrupt 
Generation 

■ Low Input Load Current 0.25mA Max 

■ 3-State Outputs 

■ Military Temperature Range 
-55°Cto+125°C 



3.4V Output High Voltage for Direct 
Interface to M8080A CPU 

Asynchronous Register Clear 

Replaces Buffers, Latches, and Multi- 
plexers in Microcomputer Systems 

Reduces System Package Count 

±10% Power Supply Tolerance 

24-Pin Dual In-Line Package 



The Intel® M8212/M3212 Input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 
microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

•Note: The specifications for the M3212 are identical with those for the M8212. 



DEVICE SELECTION 

_\ 

[[3>DS2-L-/ 

IZ>MD - 
E>3TB- 



SERVICE REQUEST FF 



C^Q i 



&* 



^ 



^) ^o- INT [23> 



CE>Dli - 

d>Di 2 - 

jT>DI 3 - 
H>DI 4 - 

{T6>DI 5 - 
0I>DI 6 " 
d2>DI 7 - 
^2>DI 8 - 

[T4>cTr- 



DATA LATCH 



— -^5 

(ACTIVE LOW) Ly 




1 OUTPUT 
| BUFFER 

I 



I 



I 



D0 1L £> 

-D0 2 (6> 

D0 3 [I> 

-do 4 [To> 

D0 5 Ll^> 



DSl r 


1 


24 


mdP 


2 


23 


di iL 


3 


22 


do iC 


4 


21 


D i 2 r 


5 


20 


do 2 L 
D| 3 L 


6 

7 M8212 


19 
18 


oo 3 r 


8 


17 


di 4 l 


9 


16 


do 4 L 


10 


15 


STB L 


11 


14 


gndT 


12 


13 



v cc 

INT 

Dl 8 
D0 8 
Dl 7 
DO ? 

Dl 6 
D0 6 

D' 5 
D0 5 
CLR 
DS, 



DQ -t-i>t 

D Q — T"^4 DOB E> 
C r| I I 

^■\ ' 

D °-T-{^-+ DO e[l2> 



Dli Dl 8 


DATA IN 


DOi-DOs 


DATA OUT 


BSf-DS 2 


DEVICE SELECT 


MO 


MODE 


STB 


STROBE 


INT 


INTERRUPT (ACTIVE LOW) 


CLR 


CLEAR (ACTIVE LOW) 



I I 
I I 



I _J_ 

Figure 1. Logic Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 4 

Temperature Under Bias -55° C to +125°C 'NOTICE: Stresses above those listed under "Absolute 

_ _ „ c0 . , 4 ^ rt0 /% Maximum Ratings" may cause permanent damage to the 

Storage Temperature -65 C to +1 60 C devjce Thjs js a stess rating only and functiona , oper ation 

All Output or Supply Voltages .... —0.5 to +7 Volts of the device at these or any other conditions above those 
Alli ^wn. f/wecwi* indicated in the operational sections of this specification 
All Input Voltages -1.0 to 5.5 Volts l8notlmp i MmEx ^ untoatM i utemaxlmumrat i„g con- 
Output Currents 100 mA ditions for extended periods may affect device reliability. 



D.C. CHARACTERISTICS (T A = -55°c to +125°C, v C c = +5V ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Load Current 

STB, DS 2 , CR, Dh-Dls Inputs 






-.25 


mA 


V F = .45V 


If 


Input Load Current 
MD Input 






-.75 


mA 


V F = .45V 


•f 


Input Load Current 
DS, Input 






-1.0 


mA 


V F - .45V 


Ir 


Input Leakage Current 
STB, DS, CR, Dh-DI 8 Inputs 






10 


fiA 


V R - V CC 


Ir 


Input Leakage Current 
MD Input 






30 


/xA 


V R - V cc 


Ir 


Input Leakage Current 
DS, Input 






40 


/xA 


Vr = V cc 


v c 


Input Forward Voltage Clamp 






-1.2 


V 


l c = -5 mA 


V|L 


Input "Low" Voltage 






.80 


V 




v, H 


Input "High" Voltage 


2.0 






V 




Vol 


Output "Low" Voltage 






.45 


V 


Iol = 10mA 


Voh 


Output "High" Voltage 


3.5 


4.0 




V 


Ioh = -.5mA 


•os 


Short Circuit Output Current 


-15 




-75 


mA 


V CC = 5.0V 


I'ol 


Output Leakage Current 
High Impedance State 






20 


/xA 


V - .45V to V CC 


•cc 


Power Supply Current 




90 


145 


mA 





CAPACITANCE (F = 1 MHz, V B | A S = ^V v cc = + 5V, T A = 25°C) 



Symbol 


Test 


LIMITS 


Typ. 


Max. 


C|N 


DS, MD Input Capacitance 


9pF 


15 pF 


C|N 


DS 2 ,CLR,STB|, DI,-DI 8 
Input Capacitance 


5pF 


10 pF 


Coin- 


DO-D0 8 Output Capacitance 


8pF 


15 pF 



Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times: 5 ns between 1V and 2V 

Measurements made at 1.5V 
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A.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc = +5V ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Max. 


tpw 


Pulse Width 


40 




ns 




tPD 


Data To Output Delay 




30 


ns 


NOTE 1 


tWE 


Write Enable To Output Delay 




50 


ns 


NOTE 1 


tSET 


Data Setup Time 


20 




ns 




t H 


Data Hold Time 


30 




ns 




tR 


Reset To Output Delay 




55 


ns 


NOTE 1 


ts 


Set To Output Delay 




35 


ns 


NOTE 1 


tE 


Output Enable/Disable Time 




50 


ns 


NOTE 1 C L = 30 pF 


tc 


Clear To Output Delay 




55 


ns 


NOTE1 



NOTE1: 



TEST 


c L 


Ri 


R 2 


tPD. tWE. tR, ts, tc 


30pF 


300ft 


600ft 


t E , ENABLE! 


30pF 


10Kft 


1Kft 


t E , ENABLE! 


30pF 


300ft 


600ft 


t E , DISABLE? 


5pF 


300ft 


600ft 


t E , DISABLE! 


5pF 


10Kft 


1Kft 



A.C. TESTING LOAD CIRCUIT 
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WAVEFORMS 



X 



STB or OS, • DS 2 



DS, • DS2 + MO 



X 



t 



-\. 



■<c 



Xr 






H 



^ f 



Ji 



zX 



STB or DS, • OS 2 



DS, • DS 2 



m 



-'PD — *•! 



[^ ( PW *• 






£ 
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TYPICAL CHARACTERISTICS 



INPUT CURRENT VS. INPUT VOLTAGE 



OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 



Vcc = < 


5.0V 


/ 


^ 


• 












^ 






T 


<v =0 C 


/ 




T A = 7 


5 C 
5 C 















































INPUT VOLTAGE (V) 



OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 



V CC = + 5 


ov 






xh*""! 














T A - 7 


> C. 












S^ T A = 2 


5 C 
C 































OUTPUT "HIGH" VOLTAGE (V) 



DATA TO OUTPUT DELAY 
VS. TEMPERATURE 



v cc = +5 


ov 






























-*" 


t . 































25 50 75 100 

TEMPERATURE ( C) 



1 

V cc = +5.0V 
















T A = 75 Cv A 
Ta=25C \>^ 








Y/^i* 


= 0°C 











OUTPUT "LOW" VOLTAGE (V) 



DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 



v cc^ 

T A^ 


+5 0V 
5 C 


























^ 


:--" 


.--' 




^ 






\ - ' 



















100 150 200 250 300 

LOAD CAPACITANCE (pF) 



WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 



v cc - + 5 


OV 
























^>; 




STB 
DS 2 ' 


— — " 


- — '""" 






z~" w 




DS,' 





















TEMPERATURE < C) 
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M8214 
PRIORITY INTERRUPT CONTROL UNIT 

MILITARY 



■ 8 Priority Levels 

■ Fully Expandable 

■ Current Status Register 

■ Priority Comparator 



■ 24-Pin Dual In-Line Package 



■ Military Temperature Range: 
-55°C to +125°C 



■ +10% Power Supply Tolerance 



The Intel® M8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcom- 
puter systems. 

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 

The M8214 is fully expandable by the. use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 



QI> 

[l5> 
[l6> 

E> 
E> 

[20> 

(E> 
d?> 

LT> 
H> 
Q> 
E> 

m> 



ELR - 
ETLG- 



REQUEST 

LATCH 

AND 

PRIORITY 

ENCODER 



REQUEST ACTIVITY 



CURRENT 
STATUS 
REGISTER 



_L 



K 



(T> INTE - 
(T> CLK- 




.=3> 



A 2 Qo> 



INT 
FF 



ENLG[u> 

(OPEN 
COLLECTOR) 



-INT U> 



**c 


1 




24 


D V cc 


B "C 


2 




23 


Z) ECS 


*,c 


3 




22 


3*h 


SGSC 


4 




21 


3% 


INT Q 


5 




20 


3*> 


CLK Q 
INTE £ 


6 


M8214 


19 
18 


3* 

3», 


%C 


8 




17 


3*, 


A,C 


9 




16 


3", 


^c 


10 






D% 


ELR [2 






14 


3 ENLG 


gndQ 


12 




13 


D ETLG 



INPUTS 




H^Wi 


REQUEST LEVELS <R 7 HIGHEST PRIORITY) 


BoB, 


CURRENT STATUS 


SGS 


STATUS GROUP SELECT 


ECS 


ENABLE CURRENT STATUS 


INTE 


INTERRUPT ENABLE 


CLK 


CLOCK (INT F-F) 


ELR 


ENABLE LEVEL READ 


ETLG 


ENABLE THIS LEVEL GROUP 


OUTPUTS 




Mi 


REOUEST LEVELS "I OPEN 
INTERRUPT (ACT LOW) J COLLECTOR 


INT 


ENLG 


ENABLE NEXT LEVEL GROUP 



Figure 1. Logic Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 100 mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = 55°c to i25°c, v cc = sv 


±10%) 








Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.Ml 


Max. 


v c 


Input Clamp Voltage (all inputs) 






-1.2 


V 


lc=-5mA 


•f 


Input Forward Current: ETLG input 

all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


V F =0.45V 


«R 


Input Reverse Current: ETLG input 

all other inputs 






80 
40 


MA 

ma 


Vr=5.5V 


V,L 


Input LOW Voltage: all inputs 






0.8 


V 


V CC =5.0V 


V|H 


Input HIGH Voltage: all inputs 


2.0 






V 


V CC =5.0V 


•cc 


Power Supply Current 




90 


130 


mA 


See Note 2. 


Vol 


Output LOW Voltage: all outputs 




.3 


.45 


V 


IOL=10mA 


Vqh 


Output HIGH Voltage: ENLG output 


2.4 


3.0 




V 


l H=-1rnA 


'os 


Short Circuit Output Current: ENLG output 


-15 


-35 


-55 


mA 


V CC =5.0V 


•cEX 


Output Leakage Current: INT, A , A-j, A2 






100 


/iA 


V C EX=5.5V 



CAPACITANCE (V B | A s = 2.5V, v cc = 5V, t a = 25°c, f = 1 mhz) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.Ml 


Max 


C IN 


Input Capacitance 




5 


10 


pF 


C OUT 


Output Capacitance Except ENLG (Pin 14) 




7 


12 


pF 
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A.C. CHARACTERISTICS (T A = -55°c to +i25°c, v cc = +sv ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.11] 


Max. 


tCY 


CLK Cycle Time 


85 






ns 


tpw 


CLK, ECS, (NT Pulse Width 


25 


15 




ns 


tiss 


INTE Setup Time to CLK 


16 


12 




ns 


tlSH 


INTE Hold Time after CLK 


20 


10 




ns 


tETCS 121 


ETLG Setup Time to CLK 


25 


12 




ns 


tETCH^ 21 


ETLG Hold Time After CLK 


20 


10 




ns 


t ECCS f21 


ECS Setup Time to CLK 


85 


25 




ns 


*ECCH 


ECS Hold Time After CLK 









ns 


tECRS 


ECS Setup Time to CLK 


110 


70 n 




ns 


tECRH 


ECS Hold Time After CLK 











t£CSS 121 


ECS Setup Time to CLK 


85 


70 




ns 


t ECSH 121 


ECS Hold Time After CLK 









ns 


t D CS t2] 


SGS and Bq-B^ Setup Time to CLK 


90 


50 




ns 


tDCH [2] 


SGS and B^-B^ Hold Time After CLK 









ns 


*RCS 


Rq-Hj Setup Time to CLK 


100 


55 




ns 


*RCH 


R^-R7 Hold Time After CLK 









ns 


^cs 


[NT Setup Time to CLK 


55 


35 




ns 


tci 


CLK to [NT Propagation Delay 




15 


30 


ns 


*RIS 


R^-R7 Setup Time to JNT 


10 







ns 


tRIH 


RrJ-R7 Hold Time After INT 


35 


20 




ns 


*RA 


R0-R7 to Aq-A 2 Propagation Delay 




80 


100 


ns 


*ELA 


ELR to A0-A2 Propagation Delay 




40 


55 


ns 


*ECA 


ECS to A0-A2 Propagation Delay 




100 


130 


ns 


*ETA 


ETLG to A0-A2 Propagation Delay 




35 


70 


ns 


*DECS 


SGS and B^-B^ Setup Time to ECS 


20 


10 




ns 


tDECH 


SGS and B^-B^ Hold Time After ECS 


20 


10 




ns 


l REN 


R0-R7 to ENLG Propagation Delay 




45 


70 


ns 


tETEN 


ETLG to ENLG Propagation Delay 




20 


30 


ns 


tECRN 


ECS to ENLG Propagation Delay 




85 


110 


ns 


tECSN 


ECS to ENLG Propagation Delay 




35 


55 


ns 



NOTES: 

1 . Typical valu es are for T^ = 25° C, Vcc = 5.0V. 

2. B0-B2, SGS, CLK, R0-R4 grounded, all other inputs and all outputs open. 



10-109 



intel 



M8216/M8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

MILITARY 



■ Data Bus Buffer Driver for 8080 CPU 

■ Low Input Load Current: 0.25mA 
Maximum 

■ High Output Drive Capability for 
Driving System Data Bus 

■ 16-Pin Dual In-Line Package 



3.40V Output High Voltage for Direct 
Interface to 8080 CPU 

3-State Outputs 

Military Temperature Range: 
-55°C to +125°C 

±10% Power Supply Tolerance 



The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, 
the DO outputs provide a high 3.40V Voh, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Iol capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of 
applications for buffering in microcomputer systems. 



DO O- 



Dl, O— 



DO3O- 



M8216 



^ 



h5= 



*=■ 



iS=: 



M 



-O °B 3 



DO3O- 



=* 



M8226 



^ 



^ 



^ 



*= 



=^ 



& 



Figure 1. Logic Diagrams 



-=3i — i 




-O DB 2 



OB -DB 3 


DATA BUS 
BIDIRECTIONAL 


DI0-DI3 


DATA INPUT 


DO -DO 3 


DATA OUTPUT 


DIEN 


DATA IN ENABLE 
DIRECTION CONTROL 


CS 


CHIP SELECT 



Figure 2. Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias — 55°C to +125° C 

Storage Temperature -65°C to + 160°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Output Currents 125 mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = -55°c to +125°c, v C c = +sv ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ. 


Max. 


lF1 


Input Load Current DIEN, CS 




-0.15 


-.5 


mA 


V F = 0.45 


lF2 


Input Load Current All Other Inputs 




-0.08 


-.25 


mA 


Vf = 0.45 


|R1 


Input Leakage Current DIEN, CS 






20 


txA 


Vr = 5.5V 


lR2 


Input Leakage Current Dl Inputs 






10 


MA 


Vr = 5.5V 


V C 


Input Forward Voltage Clamp 






-1.2 


V 


lc = -5mA 


VlL 


Input "Low" Voltage M8216 






.95 


V 


Vcc = 5V 


VlL 


Input "Low" Voltage M8226 






.90 


V 


Vcc = 5V 


V|H 


Input "High" Voltage 


2.0 






V 


Vcc = 5V 


tiol 


Output Leakage Current DO 
(3-State) DB 






20 
100 


juA 


Vo = -45V to Vcc 


Ice 


Power Supply Current M8216 




95 


130 


mA 




lec 


Power Supply Current M8226 




85 


120 


mA 




VOL1 


Output "Low" Voltage 




0.3 


.45 


V 


DO Outputs Iol = 15mA 
DB Outputs Iol = 25mA 


VOL2 


Output "Low" Voltage 




0.5 


.6 


V 


DB Outputs Iol = 45mA 


VOH 


Output "High" Voltage 


3.4 


3.8 




V 


DO Outputs Ioh = -.5mA 


VOH2 


Output "High" Voltage 


2.4 


3.0 




V 


DO Outputs Ioh = -2mA 
DB Outputs Ioh = -5.0mA 


los 


Output Short Circuit Current 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs Vcc = 5.0V 
DB Outputs Vcc = 5.0V 



NOTE: Typical values are for Ta = 25° C, Vcc = 5.0V. 

CAPACITANCE (v mAS = 2.5V v cc = s.ov, t a = 25°c, f = 1 MHz) 



Symbol 


Parameter 


Limits 


Unit 


Min. 


Typ.lU 


Max. 


C||\l 


Input Capacitance 




4 


6 


pF 


C OUT1 


Output Capacitance 


DO Outputs 




6 


10 


pF 


C OUT2 


Output Capacitance 


DB Outputs 




13 


18 


pF 



Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times: 5 ns between 1V and 2V 

Measurements made at 1.5V 
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A.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc = +5V ±10%) 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.m 


Max. 


Tpdi 


Input to Output Delay DO Outputs 




15 


25 


ns 


(NOTE 2) 


TPD2 


Input to Output Delay DB Outputs 
M8216 




19 


33 


ns 


(NOTE 2) 


TPD2 


Input to Output Delay DB Outputs 
M8226 




16 


25 


ns 


(NOTE 2) 


Te 


Output Enable Time M8216 




42 


75 


ns 


(NOTE 2) 


Te 


Output Enable Time M8226 




36 


62 


ns 


(NOTE 2) 


Td 


Output Disable Time M8216 




16 


40 


ns 


(NOTE 2) 


Td 


Output Disable Time M8226 




16 


38 


ns 


(NOTE 2) 



NOTES: 

1. Typical values are for T^ = 25° C, Vqc = 5.0V. 



A.C. TESTING LOAD CIRCUIT 



TEST 


C L *i 


"2 


T PD1 


30pF 


30CK2 


600ft 


T PD2 


300pF 


90ft 


180ft 


T E , (DO, ENABLEt) 


30pF 


10Kft 


1Kft 


T E , (DO, ENABLED) 


30pF 


300ft 


soon 


T E , (DB, ENABLEt) 


300pF 


10Kft 


1Kft 


T E ,(DB, ENABLED 


300pF 


90ft 


180ft 


T D , (DO, DISABLE!) 


5pF 


300ft 


600ft 


T D , (DO, DISABLED 


5pF 


1.0 K ft 


1Kft 


T D , (DB, DISABLED 


5pF 


90ft 


ison 


T D , (DB, DISABLED 


5pF 


10Kft 


1Kft 





-T-Vcc 




DEVICE 
UNDER 
TEST 






,! 








1 


> R 2 






C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 





INPUTS j 


h 1.5V 




OUTPUT 
ENABLE 


X- 


-) 


( 


5V 


p t E ^ 


( 




OUTPUTS 










^ 




.5V 
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M8224 
CLOCK GENERATOR AND DRIVER 

For 8080A CPU. 
MILITARY 



Single Chip Clock Generator/Driver for 
M8080A CPU 

Power-Up Reset for CPU 

Ready Synchronizing Flip-Flop 

Advanced Status Strobe 

Military Temperature Range: 
-55°Cto+100°C 



■ Oscillator Output for External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

m Reduces System Package Count 

■ ± 10% Power Supply Tolerance 



The Intel® M8224 Is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selected Dy 
the designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status trobe, and synchronization of ready. 

The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 
M8080A. 



(J5> XTAL1 
[l4> XTAL2 — 
[]3> TANK 



OSCILLATOR 



[£> SYNC 

[T> RESIN ^~ 

SCHMITT 
INPUT 

(jT> RDYIN 



-OSC [t2> 



— ^ — *i E> 

— ^ 2 e> 

2 (TTL)[6> 




STSTB [T> 



-RESET [T> 
- READY [7> 



RESET 

RESIN | 

RDYIN | 

READY 

SYNC 

2 (TTL) | 

STSTB 

GND 



I XTAL 1 
| XTAL 2 
TANK 

lose 

ZI V DD 



RESIN 


RESET INPUT 


RESET 


RESET OUTPUT 


RDYIN 


READY INPUT 


READY 


READY OUTPUT 


SYNC 


SYNC INPUT 


STSTB 


STATUS STB 
(ACTIVE LOW) 


01 


J8080 
( CLOCKS 


02 



XTAL1 


( CONNECTIONS 
( FOR CRYSTAL 


XTAL 2 


TANK 


USED WITH OVERTONE XTAL 


OSC 


OSCILLATOR OUTPUT 


02 (TTL) 


02 CLK (TTL LEVEL) 


Vcc 


+5V 


Vdd 


+12V 


GND 


OV 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°Cto 125°C 

Storage Temperature -65°Cto 150°C 

Supply Voltage, V cc -0.5V to +7V 

Supply Voltage, V DD -0.5V to +13.5V 

Input Voltage -1.0V to +7V 

Output Current 100mA 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°cto 125°C, v C c = +5.QV ±10%, v DD = 



+ 12V±10%) 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


If 


Input Current Loading 






-.25 


mA 


V F = .45V 


"r 


Input Leakage Current 






10 


MA 


V R = 5.5V 


V C 


Input Forward Clamp Voltage 






-1.2 


V 


lc = -5mA 


V| L 


Input "Low" Voltage 






.8 


V 


V cc = 5.0V 


V| H 


Input "High" Voltage RESIN 
All Other Inputs 


2.6 
2.0 






V 




V|H-V, L 


RESIN Input Hysteresis 


.25 






V 


V CC = 5.0V 


Vol 


Output "Low" Voltage OSC, 

02 (TTL) 

All Other Outputs 






.45 
.45 


V 
V 


I l = 10mA 
l 0L = 2.5mA 


Voh 


Output "High" Voltage 

01 ,02 
READY, RESET 


9.0 
3.3 
2.4 






V 
V 
V 


I h = -100mA 
I O h=-100mA 
Iqh =-1mA 


OSC, 02 (TTL), STSTB 


bs^ 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


-10 




-60 


mA 


v = ov 

V C c = 5.0V 


•cc 


Power Supply Current 






115 


mA 




bo 


Power Supply Current 






12 


mA 





Note: 1. Caution, 0-| and <f>2 output drivers do not have short circuit protection 



Crystal Requirements 

Tolerance: .005% at -55°C to 1 25°C 

Resonance: Series (Fundamental)* 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS (V cc = 


+5.0 ±10%, V DD = +12.0V ±10%, T A = -55°C to 


+ 125°C) 




Symbol 


Parameter 


Limits 


Units 


Test 
Conditions 


Min. 


Typ. 


Max. 


*01 


01 Pulse Width 


?^-20ns 
9 






ns 


C L = 20pF to 50pF 


l 02 


02 Pulse Width 


5^-4508 
9 






tDI 


01 to 02 Delay 









tD2 


02 to 01 Delay 


¥-*- 






tD3 


01 to 02 Delay 


2tcy 
9 




*HY_ + 40ns 
9 


tR 


01 and 02 Rise Time 






25 


tF 


01 and 02 Fall Time 






25 


*D02 


02 to 02 (TTL) Delay 


-5 




+15 


ns 


2 TTL,CL=3OpF 
Rt =30012 
R 2=60012 


tDSS 




^-30ns 
9 




6tcy 
9 






02 to STSTB Delay 


tp W 




^-23ns 
9 






STSTB, CL=15pF 
Rt =2K 
R 2 = 4K 


STSTB Pulse Width 


tDRS 


RDYIN Setup Time to 
Status Strobe 


50ns -*£* 
9 






*DRH 


RDYIN Hold Time 


4tcy 
9 






After STSTB 


tDR 


READY or RESET to 
02 Delay 


4tcy ._ 
9 " 25nS 








CL=10pF 

R!=2K 

R 2 =4K 


tCLK 


CLK Period 




tcy 
~9~ 








'max 


Maximum Oscillating 
Frequency 


27 






MHz 




C in 


Input Capacitance 






8 


pF 


V C c=+5.0V 
V DD =+12V 
V B IAS=2.5V 
f=1MHz 
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Example: 

A.C. CHARACTERISTICS (Fort CY = 488.28 ns) 

(T A = -55 Cto125°C,V C c : 



+5.0V ±10%, V DD = +12V ±10%) 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


Vi 


01 Pulse Width 


89 






ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


tcY=488.28ns 

_ 01 & 02 Loaded to 
C L = 20to50pF 

Ready & Reset Loaded 
to2mA/10pF 
All measurements 
referenced to 1 .5 V 
unless specified 
otherwise. 


*02 


02 Pulse Width 


226 






tD1 


Delay 01 to 2 









*D2 


Delay 02 to 0-] 


84 






*D3 


Delay 01 to 02 Leading Edges 


109 




149 


tr 


Output Rise Time 






25 


tf 


Output Fall Time 






25 


tDSS 




296 




326 


02 to STSTB Delay 


*D02 


02 to 02 (TTL) Delay 


-5 




+15 


tpw 


Status Strobe Pulse Width 


31 






*DRS 


RDYIN SetupTime to STSTB 


-167 






tDRH 


RDYIN Hold Time after STSTB 


217 






tDR 


READY or RESET 
to 02 Delay 


192 







A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 




C L INCLUDES JIG CAPACITANCE 



10-116 



iny 



M8224 



WAVEFORMS 



/ 




*2tTTU 



SYNC 

(FROM 8080 A) 



\ 






READY OUT 



r\ 



3 



\ 



'ut i 



x 



t^ c 



■v 



VOLTAGE MEASUREMENT POtNTS: ^, <p 2 Logic "0" - 1.0V, Logic "1" = 7.0V. READY, RESET Logic "0" = 0.8V, Logic "1" = 3.0V. 
AM other signals measured at 1 ,5V. 
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M8228 

SYSTEM CONTROLLER AND BUS DRIVER 

FOR M8080A CPU 

MILITARY 



Single Chip System Control for 
MCS-80® Systems 

Built-in Bidirectional Bus Driver for 
Data Bus Isolation 

Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 



User Selected Single Level Interrupt 
Vector (RST 7) 

28-Pin Dual In-Line Package 

Reduces System Package Count 

Military Temperature Range: 
-55°Cto +125°C 

±10% Power Supply Tolerance 



The Intel® M8228 is a single chip system controller and bus driver for MCS-80®. It generates all signals required to directly 
interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and i/'G. This aiiows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re- 
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable, design of the MCS-80 systems. 



CPU 
DATA - 
BUS 



BI-DIRECTIONAL 
BUS DRIVER 



SYSTEM DATA BUS 



DRIVER CONTROL 



STATUS 
LATCH 



STSTB - 
DBIN - 



MEM R 
MEMW 
ITOR 

iToW 

BUSEN 

Fnta 




Figure 1. Block Diagram 



D7-D0 


DATA BUS (8080 SIDE) 


INTA 


INTERRUPT ACKNOWLEDGE 


DB7-DB0 


DATA BUS (SYSTEM SIDE) 


HLDA 


HLDA (FROM 8080) 


l/OR 


I/O READ 


WR 


WR (FROM 8080) 


l/OW 


I/O WRITE 


BUSEN 


BUS ENABLE INPUT 


MEMR 


MEMORY READ 


STSTB 


STATUS STROBE (FROM 8224) 


MEMW 


MEMORY WRITE 


Vcc 


+5V 


DBIN 


DBIN (FROM 8080) 


GND 


VOLTS 



Figure 2. Pin Configuration 
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M8228 



DBIN 
HDLA 



(FROM 8224) STATUS STROBE - 



M8228. 

BIDIRECTIONAL 

BUS DRIVER 



- DB 7 




■ CONTROL BUS 



Figure 3. M8080A CPU Interface 



TYPE OF MACHINE CYCLE 




STATUS WORD 




MEMW 
MEMR 
MEMW 
MEMR 
MEMR 



CONTROL 
SIGNALS 



Figure 4. Status Word Chart 
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ABSOLUTE MAXIMUM RATINGS* ''NOTICE: Stresses above those listed under "Absolute 

Maximum Ratings" may cause permanent damage to the 

Temperature Under Bias -55°C to 125°C device. This is a stress rating only and functional opera- 

Storage Temperature -65° C to 150°C tlon of the device at these or any other conditions above 

Supply Voltage V C r -0 5V to +7V those indicated in the operational sections of this specif i- 

^ cation is not implied. Exposure to absolute maximum 

Input Voltage -1 .OV to +7 V rating con ditions for extended periods may affect device 

Output Current 100mA reliability. 



D.C. CHARACTERISTICS (T A = -55°c to 125°C, v C c = 


5V±10%) [1] 






Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min. 


Max. 


v c 


Input Clamp Voltage, All Inputs 




-1.2 


V 


lc = -5mA 


If 


Input Load Current, 
STSTB 




500 


juA 


V F = 0.4V 


D 2 , D 6 




750 


MA 


D , D^D^ D 5 , D 7 




250 


ma 


All Other Inputs 




250 


juA 


Ir 


Input Leakage Current 
DB - D 7 




20 


MA 


V R = 5.5V 


All Other Inputs 




100 


MA 


Vth 


Input Threshold Voltage, All Inputs 


0.8 


2.0 


V 


V CC = 5V 


'cc 


Power Supply Current 




210 


mA 




Vol 


Output Low Voltage, 
D -D 7 




.5 


V 


Iol = 2mA 


All Other Outputs 




.5 


V 


Iql = 10mA 


Voh 


Output High Voltage, 
D -D 7 


3.3 




V 


lOH =-10jUA 


All Other Outputs 


2.4 




V 


Ioh =-1mA 


'os 


Short Circuit Current, All Outputs 


15 


90 


mA 


V CC = 5V 


•o (Off) 


Off State Output Current, 
All Controls Outputs 




100 


MA 


V = 5.5V 


-100 


MA 


V = -45V 


■iNT 


INTA Current 




5 


mA 


(See Figure) 
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CAPACITANCE (V B |AS = 2.5V, V cc = 5.0V, T A = 25°C, f = 1 MHz) 



Symbol Parameter 


Limits 


Unit 


Min. 


Typ.lU 


Max. 


Cin Input Capacitance 




8 


12 


PF 


r Output Capacitance 
^ UT Control Signals 




7 


15 


PF 


. I/O Capacitance 
' (D or DB) 




8 


15 


PF 



This parameter is periodically sampled and not 100% tested. 



A.C. CHARACTERISTICS (T A = -55°c to 125°C, v cc = 5V ±10%) 



Symbol 


Parameter 


Limits 


Units 


Condition 


Min. 


Max. 


tp W 


Width of Status Strobe 


25 




ns 




*ss 


Setup Time, Status Inputs D0-D7 


8 




ns 




tSH 


Hold Time, Status Inputs D0-D7 


5 




ns 




*DC 


Delay from STSTB to any Control Signal 


20 


75 


ns 


C L = 100pF 


tRR 


Delay from DBIN to Control Outputs 




30 


ns 


C L = 100pF 


tRE 


Delay from DBIN to Enable/Disable 8080 Bus 




45 


ns 


C L = 25pF 


*RD 


Delay from System Bus to 8080 Bus during Read 




45 


ns 


C L = 25pF 


*WR 


Delay from WR to Control Outputs 


5 


60 


ns 


C L = 100pF 


*WE 


Delay to Enable System Bus DB -DB 7 after STSTB 




30 


ns 


C L = 100pF 


*WD 


Delay from 8080 Bus D -D 7 to System Bus 
DB -DB 7 during Write 


5 


40 


ns 


C L =100pF 


tE 


Delay from System Bus Enable to System Bus DB -DB 7 




30 


ns 


C L = 100pF 


tHD 


HLDA to Read Status Outputs 




25 


ns 


Cl = 100pF 


*DS 


Setup Time, System Bus Inputs to HLDA 


10 




ns 




tPH 


Hold Time, System Bus Inputs to HLDA 


20 




ns 





NOTES: 

1. Typical values 

2. For D -D 7 : R-j 



are for T A = 25°C and nominal supply voltages. 

= 4K(1, R 2 = °°0, C L = 25 pF. For all other outputs: R-| = 50011, R 2 = 1Kft, C L = 100 pF. 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 




C L INCLUDES JIG CAPACITANCE 







/ 


\ +12V 








1KS2±10% « 






M8228 




c 


•|NT 




INT A 


23 





















INTA Test Circuit (for RST 7) 
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WAVEFORMS 



2 - 



STATUS STROBE 

8080 DATA BUS 

DBiy 

INTA, iOR, MEMR 

HLDA 



INTA, IOR, MEMR ~ 
DURING HLDA 



SYSTEM BUS DURING READ 



8080 BUS DURING READ ■ 



IOW OR MEMW " 



8080 BUS DURING WRITE 



SYSTEM BUS DURING WRITE - 



SYSTEM BUS ENABLE 



SYSTEM BUS OUTPUTS - 



/~ \t, a ~ At 3 / —\r, /—^ 



J — \ / — \ / — \ / \ / — V 



\J~ 



" t SH "*1 



<CIX 



Jf^— 

3r_. 



3C 



>c 



It 



VOLTAGE MEASUREMENT POINTS: D -D 7 (when outputs) Logic "0" = 0.8V, Logic "1" = 3.0V. All other signals measured 
at 1.5V. 
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M8243 
MCS-48® INPUT/OUTPUT EXPANDER 



-55° C to 125° C Military Temp, 
i Low Cost 

Simple Interface to M8748/8048/8035L 

Four 4-Bit I/O Ports 
i AND and OR Directly to Ports 



Screened to MIL-STD-883B 

24-Pin DIP 

Single 5V Supply 

High Output Drive 

Direct Extension of Resident 8048 I/O Ports 



The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for 
the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single 
supply voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the 
MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and 
also allows multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and 
are accessed by their own MOV, ANL, and ORL instructions. 



O 



ADDRESS 
DECODER 



^> 



INSTRUC. 
DECODER 



r^> 



=A> 



INPUT 
BUFFER 



a 



p 



:> 



4 > PORT 5 




INPUT 
BUFFER 



psoC 


1 ^ 


24 


^Vcc 


P40C 


2 


23 


DP51 


M1C 


3 


22 


DP52 


P42C 


4 


21 


DP53 


P43C 


5 


20 


DP60 


csC 


6 19 
8243 


DP61 


progC 


7 


18 


DP62 


P23E 


8 


17 


DP63 


P22C 


9 


16 


DP73 


P21C 


10 


15 


DP72 


P20C 


11 


14 


3P71 


GNDC 


12 


13 


DP70 


Figure 2. 


M8243 


Pii 


i Configurati 


on 



Figure 1. M8243 
Logic Symbol 
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M8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 

MILITARY 



m Synchronous and Asynchronous 
Operation 

■ Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 

■ Asynchronous 5-8 Bit Characters; 
Clock Rate~1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 1 /2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 

■ Synchronous Baud Rate — DC to 64K 
Baud 

■ Military Temperature Range: 
-55°Cto +125°C 



■ Asynchronous Baud Rate — DC to 
19.2K Baud 

■ Full Duplex, Double Buffered, Trans- 
mitter and Receiver 

■ Error Detection — Parity, Overrun and 
Framing 

■ Fully Compatible with M8080/M8085 CPU 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clock 



The Intel® M8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of micropro- 
cessors such as the M8085. The M8251 A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts data char- 
acters from the CPU in parallel format and then converts them into a continuous serial data stream for transmission. Simul- 
taneously, it can receive serial data streams and convert them into parallel data characters for the CPU. The USART will 
signal the CPU whenever it can accept a new character for transmission or whenever it has received a character for the 
CPU. The CPU can read the complete status of the USART at any time. These include data transmission errors and control 
signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon gate technology. 



D 7-°C-l/ 



RESET_ 
CLK_ 
C/D_ 



I l\ TRANSMIT 

BUFFER 
(P-S) 






READ/WRITE 

CONTROL 

LOGIC 



DSR- 
DTR., 



CTS- 
RTS-, 



MODEM 
CONTROL 



o 



c 



RECEIVE 

BUFFER 

(S>P) 



TRANSMIT 
CONTROL 



^TxRDY 
„TxE 



RECEIVE 
CONTROL 



^RxRDY 

-RxC 

.►SYNDET 



1 V-/ 28"t] D, 

2 27 3 D 

3 26 -J V cc 

4 25 ^ R^C 

5 24 ^ DTR 

6 23 I] RTS 

7 M8251A 22 "J DSR 

8 21 I] RESET 

9 20 ^ CLK 

10 19 Zl TxD 

11 18 ^ TxEMPTY 

12 17 3 CTS 

13 16 ^ SYNDET/BD 

14 15 3 TxRDY 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

8251 A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The M8251A operates 
with an extended range of Intel microprocessors 
that includes the new 8085 CPU and maintains com- 
patibility with the 8251. Familiarization time is mini- 
mal because of compatibility and involves only 
knowing the additional features and enhancements 
and reviewing the AC and DC specifications of the 
M8251A. 

The M8251 A incorporates all the key features of the 
M8251 and has the following additional features and 
enhancements: 

• M8251A has double-buffered data paths with 
separate I/O registers for control, status, Data 
In, and Data Out, which considerably simplifies 
control programming and minimizes CPU 
overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, re- 
lieving the CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted interrupts from a disconnected 
USART. 

• At the conclusion of a transmission, TxD line 
will always return to the marking state unless 
SBRK is programmed. 



• Tx Enable logic enhancement prevents a Tx 
Disable command from halting transmission 
until all data previously written has been trans- 
mitted. The logic also prevents the transmitter 
from turning off in the middle of a word. 

• When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a flip- 
flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized by 
ensuring that if double character sync is pro- 
grammed, the characters be contiguously de- 
tected and also by clearing the Rx register to all 
ones whenever Enter Hunt command is issued 
in Sync mode. 

• As long as the M8251A is not selected, the RD 
and WR do not affect the internal operation of 
the device. 

• The M8251 A Status can be read at any time but 
the status update will be inhibited during status 
read. 

• The M8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Synchronous Baud rate from DC to 64K. 

• Fully compatible with Intel's new industry stan- 
dard, the MCS.85. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55°C to +125°C 

Storage Temperatura -65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum, 
rating conditions for extended periods may affect device 
reliability. 



D.C- CHARACTERISTICS (T A = -55°c to 125°c, v cc = 5.ov ±5%, gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 


v C c 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


Iqh =-400juA 


JOFL 


Output Float Leakage 




±10 


ma 


VoUT = V CC TO 0.45V 


'lL 


Input Leakage 




±10 


/iA 


Vin = V C c TO 0.45V 


ice 


Power Supply Current 




150 


mA 


All Outputs = High 



CAPACITANCE (T A = 25°c, v C c = gnd = ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 




10 


pF 


fc=1MHz 


Ci/o 


I/O Capacitance 




20 


pF 


Unmeasured pins returned to GND 



A.C. CHARACTERISTICS (T A = -55°c to 125°C, v cc = 5.ov ±5%, gnd = ov) 



Bus Parameters 

READ CYCLE 



[1] 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AR 


Address Stable Before READ (CS, C/D) 


-75 




ns 


Note 2 


tRA 


Address Hold Time for READ (CS, C/D) 


75 




ns 


Note 2 


tRR 


READ Pulse Width 


300 




ns 




tRD 


Data Delay from READ 




280 


ns 


3, C L = 150 pF 


tDF 


READ to Data Floating 


5 


120 


ns 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AW 


Address Stable Before WRITE 


75 




ns 




t\A/A 


Address Hold Time for WRITE 


75 




ns 




t WW 


WRITE Pulse Width 


300 




ns 




*DW 


Data Set Up Time for WRITE 


200 




ns 




*WD 


Data Hold Time for WRITE 


80 




ns 




tRV 


Recovery Time Between WRITES 


6 




tCY 


Note 4 



OTHER TIMINGS 



| Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*CY 


Clock Period 


320 


1350 


ns 


Notes 5, 6 


t0 


Clock High Pulse Width 


150 


tcv-100 


ns 




V 


Clock Low Pulse Width 


100 




ns 




tR.tp 


Clock Rise and Fall Time 




20 


ns 




tDTx 


TxD Delay from Falling Edge of TxC 




1 


Ms 




fTx 


Transmitter Input Clock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




*TPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 
1 




tCY 
*CY 




*TPD 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16xand64x Baud Rate 


15 
3 




tCY 
tCY 




fRx 


Receiver Input Clock Frequency 

1x Baud Rate 

16x Baud Rate 

64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tRPW 


Receiver Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 
1 




*CY 
tCY 




tRPD 


Receiver Input Clock Pulse Delay 
1x Baud Rate 
16xand 64x Baud Rate 


15 
3 




*CY 
*CY 




tTxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


tCY 


Note 7 


tTxRDY CLEAR 


TxRDY 1 from Leading Edge of WR 




6 


l CY 


Note 7 


tRxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tCY 


Note 7 


tR x RDY CLEAR 


RxRDY I from Leading Edge of RD 




6 


l CY 


Note 7 


tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


*CY 


Note 7 


tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 


16 




tCY 


Note 7 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tTxEMPTY 


Tx EMPTY Delay from Center of Last Bit 


20 




*CY 


Note 7 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn,DTR r RTS) 


8 




*CY 


Note 7 


tCR 


Control to READ Set-Up Time (DSR, CTS) 


20 




tCY 


Note 7 



NOTES: 

1 . AC timings measured Voh = 2.0, Vol = P_-8» and with load circuit of Figure 1 . 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before R[)4. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. 
Recovery Time between Writes for Asynchronous Mode is 8 tcv an d for Synchronous Mode is 16 tcY- 

5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1x Baud Rate , fjx or f Rx < 1 /< 30 *CY) 

For 16x and 64x Baud Rate, f j x or fR x < 1/(4.5 tQy) 

6. Reset Pulse Width = 6 t CY minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 



TYPICAL A OUTPUT DELAY VERSUS A CAPACITANCE (pF) 









+10 

< 

CL 

O 
< 

-10 

-20 
-1 
























^ SPEC. 












)0 -50 +50 +1 
A CAPACITANCE (pF) 


30 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




TEST POINTS 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 








: c 


R L - 420ft 
V L = 2V 
C L =150pF 

C[ INCLUDES JIG 


CAPACITAK 


CE 
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PROGRAMMABLE INTERVAL TIMER 

MILITARY 



m 3 Independent 16-Bit Counters 



■ Count Binary or BCD 



Military Temperature Range: 
-55°Cto +125°C 



■ Single + 5V Supply 



■ Programmable Counter Modes 



■ 24-Pin Dual In-Line Package 



The Intel® M8253 Is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It 
uses nMOS technology with a single 45V supply and is packaged in a 24-pin DIP. 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 



\l — - — \S BUFFER >« y 



RD - 
WR • 



Ao ■ 

Ai ■ 



READ 
WRITE 
LOGIC 



CONTROL 
WORD 



INTERNAL BUS ' L^ 



O 



o 



COUNTER 
#0 



-QATE0 
♦OUT0 



COUNTER 

#1 



-CLK1 

-QATE1 

►OUT1 



o 



COUNTER 

#2 



D 7 C 


1 


y 24 


3v cc 


D fi C 


2 


23 


Dwr 


DsC 


3 


22 


Dro 


o t C 


4 


21 


Des 


D,C 


5 


20 


IK 


D ? C 


6 M8253 19 


13 a 


D,C 




18 


DCLK2 


o n C 


8 




DOUT2 


CLKOC 


9 


16 


DGATE2 


OUT0C 


10 


15 


DCLK 1 


jateoC 


11 


14 


Dgate 1 


GNOC 


12 


13 


3 OUT 1 



O7D0 


DATA BUS (8 BIT) 


CLKN 


COUNTER CLOCK INPUTS 


GATE N 


COUNTER GATE INPUTS 


OUT N 


COUNTER OUTPUTS 


W5 


READ COUNTER 


WR 


WRITE COMMAND OR DATA 


CS 


CHIP SELECT 


A A, 


COUNTER SELECT 


Vcc 


♦5 VOLTS 


GND 


GROUND 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias -55 C to +85 C 

Storage Temperature -65° C to + 1 50° C 

Voltage On Any Pin 

With Respect to Ground -0.5 V to +7 V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°c to 125°C, v cc = 5.ov ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.4 




V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1.6 mA 


V H 


Output High Voltage 


2.4 




V 


Ioh = -150juA 


IlL 


Input Load Current 




±20 


UA 


Vin = V CC to 0V 


'OFL 


Output Float Leakage 




±20 


/iA 


Vo'JT = v cc t0 0V 


•cc 


Vcc Supply Current 




160 


mA 





CAPACITANCE (T A = 25°c, v C c = gnd = ov) 



Symbol 


Parameter 


Min. 


tvp- 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1 MHz 

Unmeasured pins returned to V$s 


C l/0 


I/O Capacitance 






20 


pF 



A.C. CHARACTERISTICS (T A = -55°c to 125°C, v cc = +5V ±10%, gnd = ov) 



Bus Parameters 

READ CYCLE 



M 



Symbol 


Parameter 


M8253 


Unit 


Min. 


Max. 


*ar 


Address Stable Before READ 


50 




ns 


*ra 


Address Hold Time for READ 


10 




ns 


*RR 


READ Pulse Width 


400 




ns 


tRD 


DATA Delay from READ^ 




300 


ns 


tDF 


READ to Data Floating 


25 


175 


ns 


*RV 




1 




JUS 


Recovery Time Between READ 
and Any Other Control Signal 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 



Symbol 


Parameter 


M8253 


Unit 


Min. 


Max. 


*AW 


Address Stable Before WRITE 


50 




ns 


*WA 


Address Hold Time for WRITE 


30 




ns 


t WW 


WRITE Pulse Width 


400 




ns 


*DW 


'Data Set Up Time for WRITE 


300 




ns 


tWD 


Data Hold Time for WRITE 


40 




ns 


tRV 


Recovery Time Between WRITE 
and Any Other Control Signal 


1 




jUS 



NOTES: 

1. AC timings measured at Vqh = 2.2, Vql = 0.8. 



CLOCK AND GATE TIMING 



Symbol 


Parameter 


M8253 


Unit 


Min. 


Max. 


tCLK 


Clock Period 


400 


dc 


ns 


tpWH 


High Pulse Width 


250 




ns 


tPWL 


Low Pulse Width 


150 




ns 


tGW 


Gate Width High 


150 




ns 


tGL 


Gate Width Low 


100 




ns 


tGS 


Gate Set Up Time to CLKt 


100 




ns 


*GH 


Gate Hold Time After CLKt 


100 




ns 


tfJD 


Output Delay From CLrU [1] 




400 


ns 


tQDG 


Output Delay From Gatel^l 




300 


ns 



NOTE1: 

Test Conditions: C|_ = 100pF. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



i 
I 



C L = 100 pF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 




READ 



'°-" cs ZX 



X 



xrr 



DATA BUS HIGH IMPEDANCE 



HIGH IMPEDANCE 



CLOCK AND GATE 



^^i r\ r^, 



J[ 



\ Jc 



-Vsw 






t k 
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M8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 

MILITARY 



24 Programmable I/O Pins 

Completely TTL Compatible 

Fully Compatible with MCS-80® 
Microprocessor Family 

Military Temperature Range: 
-55°Cto +125°C 



■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ ±10% Power Supply Tolerance 



The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 
Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 



Bl DIRECTIONAL DATA BUS 



D , D n < * S BUS <^~ 

N V BUFFER V 



(, ^> T 



K~~~~ > PORTC C 
1/ upper V 



<=>i?» 



1 



K) PORT C 
V LOWER 



— l/ PC 7 PC 



N — I V Pc 3 PC 



C=^> 



"f c 




D 7 -D 


DATA BUS (BI-DIRECTIONAL) 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


RD 


READ INPUT 


WR 


WRITE INPUT 


A0, A1 


PORT ADDRESS 


PA7-PA0 


PORT A (BIT) 


PB7-PB0 


PORT B (BIT) 


PC7-PC0 


PORT C (BIT) 


Vcc 


+5 VOLTS 


GND 


VOLTS 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55° C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage On Any Pin 

With Respect to GND -0.5V to +7V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°c to 125°c, v C c = +5V ±10%, gnd *= ov) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V| H 


Input High Voltage 


2.2 


Vcc 


V 




Vol (DB) 


Output Low Voltage (Data Bus) 




0.45 


V 


Iol = 2.5mA 


Vql(PER) 


Output Low Voltage (Peripheral Port) 




0.45 


V 


Iol = 1.7mA 


Voh(DB) 


Output High Voltage (Data Bus) 


2.4 




V 


| 0H = -400m A 


Voh(PER) 


Output High Voltage (Peripheral Port) 


2.4 




V 


l H = -200juA 


Idar' 1 J 


Darlington Drive Current 


-1.0 


-4.0 


mA 




'cc 


Power Supply Current 




120 


mA 




IlL 


Input Load Current 




±10 


MA 


V|N = V C c to 0V 


•OFL 


Output Float Leakage 




±10 


juA 


VoUT = V CC to0V 



NOTE 1 : Available on any 8 pins from Port B and C. 



A.C. CHARACTERISTICS (T A = -55°c to +125°C, v cc = 5.0V ±10%, gnd = ov) 



Symbol 


Parameter 


8255A 


Unit 


Min. 


Max. 


*AR 


Address Stable Before R EAD 







ns 


tRA 


Address Stable After READ 







ns 


tRR 


READ Pulse Width 


300 




ns 


tRD 


Data Valid From READ* 1 ! 




250 


ns 


tDF 


Data Float After READ 


10 


150 


ns 


tRV 


Time Between READs and/or WR ITEs 


850 




ns 


*AW 


Address Stable Before WR ITE 







ns 


tWA 


Address Stable After WR ITE 


20 




ns 


t W w 


WRITE Pulse Width 


400 




ns 


tDW 


Data Valid to WRITE (T.E.) 


100 




ns 


tWD 


Data Valid After WRITE 


30 




ns 


t\A/B 


WR = 1 to Output! 1 i 




350 


ns 


t|R 


Peripheral Data Before RD 







ns 


tHR 


Peripheral Data After RD 







ns 


*AK 


ACK Pulse Width 


300 




ns 


tST 


STB Pulse Width 


500 




ns 


tp S 


Per. Data Before T.E. of STB 







ns 
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A.C. CHARACTERISTICS (Continued) 



Symbol 


Parameter 


8255A 


Unit 


Min. 


Max. 


tPH 


Per. Data After T.E. of STB 


180 




ns 


tAD 


ACK = to Output! 1 1 




300 


ns 


*KD 


ACK= 1 to Output Float 


20 


250 


ns 


tWOB 


WR = 1 toOBF = 0' 1 l 




650 


ns 


UOB 


ACK = 0toOBF = 1MI 




350 


ns 


tsiB 


STB = to IBF = 1' 1 I 




300 


ns 


t RIB 


RD = 1 to IBF =.0' 1 l 




300 


ns 


tRIT 


RD = 0to INTR = 0l 1 ' 




400 


ns 


tsIT 


STB = 1 to INTR = 1' 1 I 




300 


ns 


tAIT 


ACK = 1 to INTR = 1I 1 I 




350 


ns 


t\A/IT 


WR = 0to INTR = 0' 1 1 




850 


ns 



NOTES: 

1. Test condition: 8255A: Ci_ = 100pF 

2. Period of Reset pulse must be at least 50mF during or after power on. Subsequent Reset pulse can be 500ns min. 



CAPACITANCE (T A = 25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc= 1MHz 


C|/0 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to GND 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



> 



TEST POINTS 




A.C. TESTING: INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 ' AND 0.45V FOR 
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 ' 
AND 0.8V FOR A LOGIC " 



DEVICE 
UNDER 
TEST 



■x 



75<H1 



-o Vext* 



C l = 100 pF 



*V EX T IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE 
THE SPECIFICATION. 
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WAVEFORMS 



MODE (INPUT) 










RD 


t, R ^ 


\ 




l HR *" 




INPUT 


> 


r 




X 




l AR *■ 








CS, A1 , AO 

D 7 -D 


> 


r 






X 




1 










-{ 


> 


f 


> 




t 














*i^ 



MODE (OUTPUT) 








WR 


\ 


r 7 


L 




t 


•* X \ND *" 




* DW 


D 7 -D 


IZ> 


f 


X 




t 












CS, A1. AO V 








■ 


X 














OUTPUT 
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WAVEFORMS (Continued) 



MODE 1 (STROBED INPUT) 



\ , / 



I 



INPUT FROM 
PERIPHERAL 



—< 



/nz\ 




\ 



\/ * 



D- 



MODE 1 (STROBED OUTPUT) 



i 






X 



•^VB 




V_y 



-* X AIT~ 
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WAVEFORMS (Continued) 



MODE 2 (BIDIRECTIONAL) 



PERIPHERAL 
BUS 



DATA FROM 
/ 8080 TO 8255 



\^/= 



A 



/ 



I 



{ 



f\ 




-< 



DATA FROM 
PERIPHERAL TO 8255 



DATA FROM 
8255 TO PERIPHERAL 



\ 



l KD p 

I> 



a r 



DATA FROM 
8255 TO 8080 



NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR= IBF • MASK • STB • RD + OBF • MASK • ACK • WR ) 



WRITE 

A©.!, CS 






> 


: lie 






-« — i -4J- 


DATA BUS 




Z3 


X 

i i -A 




"*■ t DW *""*- t WD-*j 


WR 




I-* — 4 <ww 



READ 



A -1- CS 



X 



T 



Kiy 



-■♦1^0^- -^ 1 DfH 



*Z<4yyfwZ HIGH IMPEDANCE /<///%%\ VALID 



;HIGH IMPEDANCE 
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M8257 
PROGRAMMABLE DMA CONTROLLER 

MILITARY 



Military Temperature Range: 
-55°Cto125°C 

4-Channel DMA Controller 

Priority DMA Request Logic 

Channel Inhibit Logic 



■ Terminal Count and Modulo 128 
Outputs 

■ Single TTL Clock 

■ Single + 5V Supply 

■ Auto Load Mode 



The Intel® M8257 is a 4-charmel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The M8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high 
speed between peripherals and memories. 



<vd <X> 



DATA 

BUS 

BUFFER 



CLK- 
RESET- 



HRQ - 
HLDA- 
MEMR- 



AEN *- 
ADSTB — 



« 



READ/ 
WRITE 
LOGIC 



CONTROL 
LOGIC 
AND 
MODE 
SET 
REG. 



o 



c 



c 



c 



c 



c> 



^\ 16 

) BIT 
V ADDR 



> 



t> 



l/ORC 

F/owl 

MEMR 

MEMWl 

MARK 

READY | 

HLDA 

ADSTB C 

AENj 

HRQC 

CSC 

CLKC 

RESET 

DACK 2 C 

DACK3C 

DRQ3C 

DRQ2C 

DRQ C 

DRQOC 

gndC 



r 2 

c 3 

C 4 
C 5 



C 7 



C 13 



' DA 7 

39 JA 6 
38 D A 5 
37 DA 4 
36 I]TC 
35 D A 3 
34 HA 2 
33 3 At 
32 DA 
31 3V CC 
30 DD 
29 3D, 
28 3D 2 
27 DD 3 
26 DD 4 
25 DDACKO 
24 ]DACK1 
23 DDg 
22 ]D 6 
21 DD7 



D7-D0 


DATA BUS 




AEN 


ADDRESS ENABLE 


A7-A0 


ADDRESS BUS 




ADSTB 


ADDRESS STROBE 


l/OR 


I/O READ 




TC 


TERMINAL COUNT 


i7Sw 


I/O WRITE 




MARK 


MODULO 128 MARK 


MEMR 


MEMORY READ 


DRQ3DRQ0 


DMA REQUEST 
INPUT 


MEMW 


MEMORY WRITE 


DACK3DACK0 


DMA ACKNOWLEDGE 
OUT 


CLK 


CLOCK INPUT 




RESET 


RESET INPUT 


6s 


CHIP SELECT 


READY 


READY 


\fcc 


+5 VOLTS 


HRQ 


HOLD REQUEST 
(TO 8080A) 


GND 


GROUND 






HLDA 


HOLD ACKNOWLEDGE 
(FROM 8080 A) 





Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias - 55 °C to 125°C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (t a = -55°c to 125°c, v cc = +5V ±10%, gnd 



: 0V) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


Volts 




V, H 


Input High Voltage 


2.2 


V cc +.5 


Volts 




Vol 


Output Low Voltage 




0.45 


Volts 


Iol = 1.6 mA 


Voh 


Output High Voltage 


2.4 


Vcc 


Volts 


lOH—ISOjuAfor AB, 
DB and AEN 
IOH--80MA for others 


v HH 


HRQ Output High Voltage 


3.3 


Vcc 


Volts 


Iqh - -80mA 


'cc 


Vcc Current Drain 




150 


mA 




IlL 


Input Leakage 




±10 


MA 


Vss «s v, N ^ V CC 


'OFL 


Output Leakage During Float 




±10 


ma 


V SS + 0.45 

^ Vqut < v cc 



CAPACITANCE (t a = 25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc=1MHz 

Unmeasured pins 
returned to GND 


C|/0 


I/O Capacitance 






20 


pF 



A.C. CHARACTERISTICS— DMA (MASTER) MODE (T A = -55c to 125°C, 

V C c = +5V ±10%, GND = 0V) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


T CY 


Cycle Time (Period) 


0.320 


4 


MS 


Te 


Clock Active (High) 


120 


.8T CY 


ns 


T QS 


DRQt Setup to 01 (SI, S4) 


120 




ns 


T QH 


DRCH Hold from HLDAt* 41 







ns 


T HS 


HLDAt or JSetup to 9i (SI, S4) 


100 




ns 


T RS 


READY Setup Time to 0t (S3, Sw) 


30 




ns 


T RH 


READY Hold Time from 0t (S3, Sw) 


20 




ns 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE (T A 

v C c 

TIMING RESPONSES 



-55°Cto 125°C, 
+5V ±10%, GND = 0V) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


T DQ 


HRQt or IDelay from 0t(SI,S4) 
(measured at 2.0V)M 




180 


ns 


T DQ1 


HRQt or IDelay from 0t(SI,S4) 
(measured at 3.3V)I 3 1 




270 


ns 


T AEL 


AENt Delay from 0i(S1)™ 




300 


ns 


T AET 


AEM Delay from 0t(SI)I 1 l 




200 


ns 


t aea 


Adr(AB)(Actlve) Delay from AENt(S1)M 


20 




ns 


T FAAB 


Adr(AB)(Active) Delay from 0t(S1)l 2 l 




270 


ns 


Tafab 


Adr(AB)(Float) Delay from et(SI)^ 




200 


ns 


T ASM 


Adr(AB)(Stable) Delay from 0t(S1)I 2 l 




250 


ns 


Tah 


Adr(AB)(Stable) Hold from 0t(S1)I 2 l 


Tasm-50 




ns 


T AHR 


Adr(AB)(Valld) Hold from Rdt(S1, SI)M 


60 




ns 


t ahw 


Adr(AB)(Valid) Hold from Wrt(S1, SI)M 


300 




ns 


Tfadb 


Adr(DB)(Actlve) Delay from 0t(S1p 




300 


ns 


T AFDB 


Adr(DB)(Float) Delay from 0t(S2)I 2 l 


Tstt+20 


250 


ns 


T ASS 


Adr(DB) Setup to AdrStb*(S1-S2)M 


100 




ns 


T AHS 


Adr(DB)(Valid) Hold from AdrStb*(S2)M 


50 




ns 


T STL 


AdrStbt Delay from 0t(S1)I 1 l 




200 


ns 


T STT 


AdrStb IDelay from 0t(S2)t 1 l 




160 


ns 


T SW 


AdrStb Width (S1-S2)M 


Tcy-100 




ns 


T ASC 


Rd* or Wr(Ext)l Delay from AdrStb*(S2)M 


70 




ns 


T DBC 


Rdl or Wr(Ext)l Delay from Adr(DB) 
(Float)(S2)M 


20 




ns 


Tak 


DACKt or IDelay from 0J(S2, S1) and 
TC/Markt Delay from 0t(S3) and 
TC/Markl Delay from 0t(S4)f 1 >5] 




270 


ns 


T DCL 


Rd* or Wr(Ext)l Delay from 0t(S2) and 
Wrl Delay from 0t(S3)I 2 ' 6 l 




250 


ns 


T DCT 


Rdt Delay from 0I(S1, SI) and 
Wrt Delay from 0t(S4)( 2 > 7 l 




200 


ns 


T FAC 


Rd or Wr(Active) from 0t(S1)I 2 l 




300 


ns 


T AFC 


Rd or Wr(Float) from 0t(SI)t 2 l 




170 


ns 


Trwm 


Rd Width (S2-S1 or S\)W 


2T CY + T -5O 




ns 


t wwm 


Wr Width (S3-S4)! 4 ! 


T CY -50 




ns 


T WWME 


Wr(Ext) Width (S2-S4)! 4 ! 


2T CY -50 




ns 



NOTES: 

1. Load = 1 TTL 2. Load = 1 TTL + 50 pF. 3. Load = 1 TTL+ (R L = 3.3K), Vqh = 3.3V. 4. Tracking Parameter. 
5. ATak < 50 ns. 6. ATqql < 50 ns - 7 - AT DCT < 50 ns - 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE [T A = -55°cto 125°C, 

V C c = 5.0V ±10%, GND 
8080 Bus Parameters 
READ CYCLE 



0V(Note1)] 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Tar 


Adr or CSI Setup to RDi 







ns 




Tra 


Adr or CSt Hold from RDt 







ns 




T RD 


Data Access from RDI 





300 


ns 


(Note 2) 


Tdf 


DB-»Float Delay from RDt 


20 


150 


ns 




T RR 


RD Width 


250 




ns 




WRITE CYCLE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


T AW 


Adr Setup to WRJ 


20 




ns 




Twa 


Adr Hold from WRt 


35 




ns 




Tqw 


Data Setup to WRt 


200 




ns 




Twd 


Data Hold from WRt 







ns 




Tww 


WR Width 


175 




ns 




OTHER TIMING 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


T RSTW 


Reset Pulse Width 


300 




ns 




Trstd 


Power Supplyt (V C c) Setup to Reset! 


500 




MS 




T r 


Signal Rise Time 




20 


ns 




Tf 


Signal Fall Time 




20 


ns 




T RSTS 


Reset to First l/OWR 


2 




*CY 





NOTES: 

1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "1" at 2.0V, "0" at 0.8V 

2. M8257: C L = 100 pF, 8257-5: C L = 150 pF. Output "1" at 2.0V, "0" at 0.8V 



Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

Ta(min) + T B(MAX) ^150 ns 
and only minimum specifications exist for T A and Tb- If Ta(min) is used, and if Ta and Tb are tracking parameters, 
Tb(max) can be taken as Tb<min) + 50 ns. 

T A (min) + (Tb(min)* + 50 ns) < 150 ns 
*if T A and Tb are tracking parameters 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



' 4 

^> TEST POINTS <^~ 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



ic L = 150pF 

1 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



NOT READY SEQUENCE 

so 

CLOCK / 


.1 | 


S2 1 S3 


1 SW 1 sw 

* K-Tqs 
V 

-J- 


1 S4 1 SI 1 SI 1 SI 


DRQO-3 "* 


^ 










/ 


DACK 0-3 
MEM RD/lTORD — — — 
MEM WR/f/OWR — — 




\ 








/" 


^_ 




/ > 








r 


\ 


\ 


/ 


T RS— | 


r 


— T RS 


READY 




V 


\ 


TC/MARK 






/ \ 





CONTROL OVERRIDE 

1 M 

CLOCK \ / 


S2 


S3 


S4 | 


S, | 


SI 1 so 


S, | 


S2 


DRQ 3 




ZDC 




^ 










HRQ 




— - 


— T„ s 




— T„ S 


HLDA 




\ 


r 


h 








Tael — 


AEN _f 






\ 




r 
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WAVEFORMS— DMA MODE 



CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 



NOTE: CL0CK 

The clock waveform is 
duplicated for clarity. S! 
The M8257 requires 
only one clock input. 




S4 S1 I S2 I S3 I S4 I SI I SI 
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WAVEFORMS— PERIPHERAL MODE 



WRITE 



RESET 



ADDRESS BUS 



l/OWR 



X 



X 



XJ" 



;~s £ 



jr 



JC 



^A 



JC 



'RSTS 'WW 



READ 


















^ 


r- 


L 

-Tra 


CHIP SELECT 


ADDRESS BUS / 




- T AR ^ 






L 




: 


< 


« T AR * 










I/O RD 

Trd — ' 


s r T - n Z 


- 








— T DF 

h — 




■- 
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M8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

MILITARY 



iAPX 86, 88 Compatible 
MCS-80®, MCS-85® Compatible 
Eight-Level Priority Controller 
Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ Military Temperature Range: 
-55°Cto +125°C 



The Intel® M8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The M8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 



d '- d °0 



DATA 

BUS 

BUFFER 



Ol 



READ/ 
WRITE 
LOGIC 



CASO - 

CAS1 ■*-- 
CAS 2 «• — 



CASCADE 

BUFFER/ 

COMPARATOR 



CONTROL LOGIC 



n 



SERVICE 
REG 
(ISR) 



c 



PRIORITY 
RESOLVER 



O 



c 



II 



INTERRUPT 

REQUEST 

REG 

(IRR) 



INTERRUPT MASK REG 
(IMR) 



^INTERNAL BUS 





CSC 




28 


Hv cc 




wrC 


2 


27 


^Ao 




rdC 


3 


26 


Uinta 




D7C 


4 


25 


U IR7 


IRO 
IR1 
IR2 


d 6 l: 


5 


24 


HIR6 


D 5 C 


6 


23 


DlR5 


IR3 
IR4 
IR5 
IR6 


D4C 

o 2 C 


7 

M8259A 

8 

9 


22 
21 
20 


HIR4 
DlR3 
HIR2 


IR7 


D,C 


10 


19 


HIR1 




D r: 


11 


18 


UlRO 




CASOC 


12 


17 


DINT 




CAS1C 


13 


16 


3 SP/EN 




gndC 


14 


15 


DCAS2 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 



10-146 



iny 



M8259A 



^lyiHMw 



Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


v C c 


28 




Power: +5V supply. 


GND 


14 




Ground: Ground. 


D -7 


11-4 


I/O 


Data Bus: Bidirectional data bus, 
used for: a) programming the mode of 
the 8259A (programming is done by 
software); b) the microprocessor can 
read the status of the 8259A; c) the 
8259A will send vectoring data to the 
microprocessor when an interrupt is 
acknowledged. 


IR0-7 


18-25 


I 


Interrupt Requests: These are asyn- 
chronous inputs. A positive-going 
edge will generate an interrupt re- 
quest. Thus a request can be gener- 
ated by raising the line and holding it 
high until acknowledged, or by a 
negative pulse. In level triggered 
mode, no edge is required. These lines 
are active HIGH. 


RD 


3 


I 


Read: Read (generally from 8228 in 
MCS-80 system or from 86/10 in 
iAPX 86 system). 


WR 


2 


' 


Write: Write (generally from 8228 in 
MCS-80 system or from 86/10 in 
iAPX 86 system). 


[NTA 


26 




Interrupt Acknowledge: Interrupt 
Acknowledge (generally from 8228 in 
MCS-80 system, 86/10 in iAPX 86 sys- 
tem). The 8288 generates three dis- 
tinct INTA pulses when a CALL is in- 
serted, the 86/10 produces two distinct 
INTA pulses during an interrupt cycle. 



Symbol 


Pin 
No. 


Type 


Name and Function 


CS 


1 


I 


Chip Select: RD and WR are enabled 
by Chip Select, whereas Interrupt Ac- 
knowledge is independent of Chip 
Select. 


A0 


27 


I 


Address: Usually the least significant 
bit of the microprocessor address 
output. When A0= 1 the Interrupt Mask 
Register can be loaded or read. When 
A0=0 the 8259A mode can be pro- 
grammed or its status can be read. CS 
is active LOW. 


INT 


17 





Interrupt: Goes directly to the micro- 
processor interrupt input. This output 
will have high Voh to match the 8080 
3.3V V m . INT is active HIGH. 


C0-C2 


12 
13 
15 


I/O 


Cascade Lines: Three cascade lines, 
outputs in master mode and inputs in 
slave mode. The master issues the bi- 
nary code of the acknowledged inter- 
rupt level on these lines. 

Each slave compares this code with its 
own. 


SP/EN 


16 


I/O 


SP/EN: A dual function pin. In the buf- 


fered mode SP/EN is used to enable 
bus transceivers (EN). In the non- 
buffered mode SP/EN determines if 
this 8259A is a master or^_slave. If 
SP=1 the 8259A is master; SP=0 indi- 
cates a slave. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -55°C to 125°C 

Storage Temperature - 65 °C to + 150°C 

Voltage On Any Pin 

With Respect to Ground - 0.5V to + 7V 

Power Dissipation 1 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 



D.C. CHARACTERISTICS (T A = -55°c to 125°c, v cc = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-.5 


.8 


V 




V, H 


Input High Voltage 


2.3 


V CC +.5V 


V 




Vol 


Output Low Voltage 




.45 


V 


I l=2.2 mA 


Voh 


Output High Voltage 


2.4 




V 


l 0H = -400 M A 


V OH(INT) 


Interrupt Output High 
Voltage 


3.5 
2.4 




V 
V 


l 0H = -100 M A 
l 0H = -400^A 


•li 


Input Load Current 


-10 


+ 10 


ma 


V, N =V cc to0V 


•lol 


Output Leakage Current 


-10 


+ 10 


ma 


V UT = 0.45V to V CC 


'loh 


Output Leakage Current 




10 


ma 


V OUT= V CC 


'cc 


V cc Supply Current 




85 


mA 





CAPACITANCE (T A = 25°c, v cc = gnd = ov) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


fc = 1 MHz 


C|/o 


I/O Capacitance 






20 


PF 


Unmeasured pins returned to V ss 



A.C. CHARACTERISTICS (T A 

TIMING REQUIREMENTS 



-55°C to +125°C, V C c = 5V ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TAHRL 


A0/C3 Setup to RD/iNTAI 







ns 




TRHAX 


A0/S3 Hold after RD/iNTAt 







ns 




TRLRH 


RD Pulse Width 


235 




ns 




TAHWL 


A0/CS Setup to WR4 







ns 




TWHAX 


A0/CS Hold after WRt 







ns 




TWLWH 


WR Pulse Width 


290 




ns 




TDVWH 


Data Setup to WRt 


240 




ns 




TWHDX 


Data Hold after WRt 







ns 




TJLJH 


Interrupt Request Width (Low) 


100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or 
Third INTAI (Slave Only) 


55 




ns 




TRHRL 


End of RD to Next Command 


300 




ns 




TWHRL 


End of WR to Next Command 


370 




ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TRLDV 


Data Valid from RD/lNTAI 




200 


ns 


C of Data Bus 
Max. test C=100pF 
Min. test C = 15pF 

C, NT =100pF 

C ENABLE = 1 5pF 


TRHDZ 


Data Float after RD/INTAt 


10 


100 


ns 


TJHIH 


Interrupt Output Delay 




350 


ns 


TIALCV 


Cascade Valid from First INTAi 
(Master Only) 




565 


ns 


TRLEL 


Enable Active from RD4 or INTAI 




125 


ns 


TRHEH 


Enable Inactive from RDt or INTAt 




150 


ns 


TAHDV 


Data Valid from Stable Address 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 


ns 



NOTE 



nuic; 

1. This is the low time required to clear the input latch in the edge triggered mode. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




^> TEST POINTS <^ 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



;J;c L = ioopF 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



WAVEFORMS 



WRITE 




TWLWH m\ 




cs 

ADDRESS 8U8 

A, 

OATA IUS 


\ 


< >* 


,' 


)J 


TAMWL 






- TWHAX 


— 


t 




N 


< 






|«— TDVWH — ► 






TWMOX 






X 


; 


cz 
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FRBUIBDOGflAffi 



WAVEFORMS (Continued) 



READ/INTA 

RDflNTA- 
fl»- 



\ 



C5- 



ADDRESS BUS 



x 



JT 



\ 



TRLDV - 

TAHDV 



f- TAHDV ► r 



f 



X 



> — 



OTHER TIMING 

RD/1RTA — 



A — ™" — A / 



WR- 



\ * 



i r 



INTA SEQUENCE 



INT- 
INTA- 



/ 



\z 



V \ 



£ 



<=> _..^ => ... 



I 



~o- 

AL 

ZV 



NOTES: 

Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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M8282/8283 
OCTAL LATCH 

MILITARY 



■ Fully Parallel 8-Bit Data Register and 
Buffer 

■ Transparent during Active Strobe 

■ Supports M8080, M8085A, M8048, and 
Military iAPX 86 Systems 

■ High Output Drive Capability for 
Driving System Data Bus 



■ 3-State Outputs 

1 20-Pin Package with 0.3" Center 

■ No Output Low Noise when Entering 
or Leaving High Impedance State 

■ Military Temperature Range: 
-55°Cto +125°C 



The M8282 and M8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf- 
fers, or multiplexers. The M8283 inverts the input data at its outputs while the M8282 does not. Thus, all of the prin- 
cipal peripheral and input/output functions of a microcomputer system can be implemented with these devices. 







E3~ 



L 
-H 

__T 

_ h 

L" 
-H 

_r 



E3 — :=T 



t-S E3- 






K " 



L 

r— H 



_ h 

L 

—\ 
_r 

__r 



^-ra 



DIoC 


1 


20 


IJVCC 


DIOC 


1 


~ 20 


UVcc 


DHC 


2 


19 


H D °o 


DHC 


2 


19 


UDOb" 


DI 2 E 


3 


18 


UDOi 


DI2C 


3 


18 


H^oT 


DI3C 


4 


17 


D D °2 


DI3C 


4 


17 


U D0 2 


DI4C 
DI5C 


5 16 
M8282 

6 15 


HDO3 
HDO4 


DUE 
DI5C 


5 16 
M8283 

6 15 




Died 


7 


14 


DD05 


DieC 


7 


14 


^D0 5 


di 7 [I 


8 


13 


HD0 6 


DI7C 


8 


13 


D D °6 


oeC 


9 


12 


D D °7 


oiE 


9 


12 


U D0 7 


gndC 


10 


U 


I] STB 


gndC 


10 


11 


IJSTB 



Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Symbol 


Type 


Name and Function 


STB 


I 


Strobe: STB is an input control pulse used 
to strobe data at the data input pins (A0-A7) 
into the data latches. This signal is active 
HIGH to admit input data. The data is 
latched at the HIGH to LOW transition of 
STB. 


OE 


I 


Output Enable: OE is an input control 
signal which when active LOW enables the 
contents of the data latches onto the data 
output pin (B0-B7). OE being inactive HIGH 
forces the output buffers to their high im- 
pedance state. 


DI0-DI7 


I 


Data Input Pins: Data presented at these 
pins satisfying setup time requirements 
when STB is strobed is latched into the data 
input latches. 


DO0-DO7 
M8282_ 
DO0-DO7 
(M8283) 





Data Output Pins: When OE is true, the 
data in the data latches is presented as in- 
verted (M8283) or non-inverted (M8282) 
data onto the data output pins. 



FUNCTIONAL DESCRIPTION 

The M8282 and M8283 octal latches are 8-bit latches 
with 3-state output buffers. Data having satisfied the 
setup time requirements is latched into the data latches 
by strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 



10-152 



iny 



M8282/8283 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 55°C to + 125°C 

Storage Temperature - 65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V cc = 5V ±10%, t a = -55°cto +125°C) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V C 


Input Clamp Voltage 




-1 


V 


l c = - 5 mA 


Ice 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


>r 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


Iql = 20 mA 


Voh 


Output High Voltage 


2.4 




V 


•oh = ~ 5 mA 


•off 


Output Off Current 




±50 


MA 


V ff = 0.45 to 5.25V 


V|L 


Input Low Voltage 




0.8 


V 


V C c = 5.0V See Note 1 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 5 -0V See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

V b ,as = 2.5V, V CC =5V 

T A = 25°C 



Notes: 1. Output Loading \q\_ = 20 mA, Iqh = - 5 mA > C|_= 300 pF 



A.C. CHARACTERISTICS (V cc = 5V ±10%, t a = -55°c to +125°C) 

(Loading: Outputs— Iql = 20 mA, Iqh = ~ 5 mA > C L : 



300 pF) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
— Inverting 
—Non-Inverting 




25 
35 


ns 
ns 


(See Note 1) 


TSHOV 


STB to Output Delay 
— Inverting 
— Non-Inverting 




45 
55 


ns 
ns 


TEHOZ 


Output Disable Time 




25 


ns 


TELOV 


Output Enable Time 


10 


50 


ns 


TIVSL 


Input to STB Setup Time 







ns 


TSLIX 


Input to STB Hold Time 


25 




ns 


TSHSL 


STB High Time 


15 




ns 


TILIH, 
TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, 
TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: 

1 . See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



1.5 ■+ TEST POINTS »-1.5 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



A.C. TESTING LOAD CIRCUIT 



1.5V 



78ft 



OUTO — «► 



OUT O <> 



5fc 300 pF 



3-STATE TO V |_ 



OUTO- 



4= 300 pF 



3-STATE TO Vqh 



^300pF 



SWITCHING 



WAVEFORMS 



T~ X 



1 



/ 



J\ 



X 



Htehoz-— TELOV— ► 

V0H~.1V 



VOL+.1V 



NOTE: 1. 8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED, 
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M8284 

CLOCK GENERATOR AND DRIVER 

FOR MILITARY iAPX 86 

MILITARY 



I Military Temperature Range: 
-55°Cto +125°C 

i Generates the System Clock for the 
M8086 

i Uses a Crystal or TTL Signal for 
Frequency Source 

i Single +5V Power Supply 



H8-Pin Package 

i Generates System Reset Output 
from Schmitt Trigger Input 

i Provides Local Ready and 
MULTIBUS™ Ready Synchronization 

■ Capable of Clock Synchronization 
with other M8284's 



The M8284 is a bipolar clock generator/driver designed to provide clock signals for the Military iAPX 86 and peripherals. It 
also contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 



XTAL 
OSCIL- 
LATOR 



r| ■- I | / SYNC 



RDY1 - 
AEN1- 




-OSC 
► CLK 



CSYNCQ 


1 


18 


HVcc 


pclkC 


2 
3 


17 
16 


HX1 


AEN1C 


I]X2 


RDY1 \Z 


4 


15 


HN.C. 


READY \Z 


5 


M8284 . . 

14 


IJEFI 


RDY2 C 


6 


13 


Jfic 


AEN2 C 


8 


12 
11 


Dose 


CLK C 


J RES 


GND \Z 


9 


10 


U RESET 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 



X1( 
X2l 


CONNECTIONS FOR CRYSTAL 


RES 


RESET INPUT 


F/C 
EFI 

CSYNC 
RDY1 | 
RDY2 I 


CLOCK SOURCE SELECT 
EXTERNAL CLOCK INPUT 
CLOCK SYNCHRONIZATION INPUT 

READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS 


RESET 

OSC 

CLK 

PCLK 

READY 


SYNCHRONIZED RESET OUTPUT 

OSCILLATOR OUTPUT 

MOS CLOCK ID8086 

TTL CLOCK FOR PERIPHERALS 

SYNCHRONIZED READY OUTPUT 


AEN1 | 
AEN2I 


ADDRESS ENABLED QUALIFIERS FOR RDY1,2 


vec 

GND 


+ 5 VOLTS 
VOLTS 




M8284 Pin Names 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to 125°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to +5.5V 

Power Dissipation 1 Watt 



''NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°c to 125°C, v C c = 5V ±10%) 



Symbol 


Parameter 


Mln 


Max 


Units 


Test Conditions 


If 


Forward Input Current 




-0.5 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


mA 


V R = 5.25V 


v c 


Input Forward Clamp Voltage 




-1.0 


V 


l c = -5 mA 


•cc 


Power Supply Current 




140 


mA 




V,L 


Input LOW Voltage 




0.8 


V 


V CC = 5.0V 


V, H 


Input HIGH Voltage 


2.0 




V 


V CC =5.0V 


V 'H R 


Reset Input HIGH Voltage 


2.6 




V 


V CC =5.0V 


Vol 


Output LOW Voltage 




0.45 


V 


5 mA 


Voh 


Output HIGH Voltage CLK 
Other Outputs 


4 
2.4 




V 
V 


-1 mA 
-1 mA 


v IHr-V, Lr 


RES Input Hysteresis 


0.25 




V 


Vcc=5.0V 



A.C. CHARACTERISTICS (T A = -55°c to 125°C, v C c = 5V ±10%) 

TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TEHEL 


External Frequency High Time 


13 




ns 


90%-90%V, N 


TELEH 


External Frequency Low Time 


13 




ns 


10%-10%V| N 


TELEL 


EFI Period 


TEHEL + TELEH + 8 




ns 


(Notel) 




XTAL Frequency 


12 


25 


MHz 




TR1VCL 


RDY1.RDY2 Set-Up to CLK 


35 




ns 




TCLR1X 


RDY1,RDY2HoldtoCLK 







ns 




TA1VR1V 


AEN1, AEN2 Set-Up to RDY1, RDY2 


15 




ns 




TCLA1X 


AEN1,AEN2HoldtoCLK 







ns 




TYHEH 


CSYNC Set-Up to EFI 


20 




ns 




TEHYL 


CSYNC Hold to EFI 


20 




ns 




TYHYL 


CSYNC Width 


2 TELEL 




ns 




TI1HCL 


RES Set-Up to CLK 


65 




ns 


(Note 2) 


TCLI1H 


RES Hold to CLK 


20 




ns 


(Note 2) 


TILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 



10-156 



iny 



M8284 



A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCHCL 


CLK High Time 


(V 3 TCLCL)-2.0 




ns 




TCLCH 


CLK Low Time 


(2^TCLCL)-15.0 




ns 




TCH1CH2 
TCL2CL1 


CLK Rise or Fall Time 




10 


ns 


1.0V to 3.5V 


TPHPL 


PCLK High Time 


TCLCL-20 




ns 




TPLPH 


PCLK Low Time 


TCLCL-20 




ns 




TRYLCL 


Ready Inactive to CLK (See Note 4) 


-8 




ns 




TRYHCH 


Ready Active to CLK (See Note 3) 


(2^TCLCL)-15.0 




ns 




TCLIL 


CLK to Reset Delay 




40 


ns 




TCLPH 


CLK to PCLK High Delay 




22 


ns 




TCLPL 


CLK to PCLK Low Delay 




22 


ns 




TOLCH 


OSC to CLK High Delay 


-5 


12 


ns 




TOLCL 


OSC to CLK Low Delay 


2 


25 


ns 




TOLOH 


Output Rise Time (Except CLK) 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time (Except CLK) 




12 


ns 


From 2.0V to 0.8V 



NOTES: 

1.5 = EFI rise (5 ns max) + EFI fall (5 ns max). 

2. Set up and hold only necessary to guarantee recognition at next clock. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



I 



^ C L 



R L = 325ft 

V L = 2.08V 

C L = SEE NOTES 1 AND 2 FOLLOWING M8284 WAVEFORMS 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



NOTE." ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 


















5pF 
24 MHzCZD 


Xi 

x 2 

F/C 
CSYNC 


CLK 




LOAD 
(SEE NOTE 1) 





































Clock High and Low Time 









v 


-c 
















CLK 
AEN1 

Xi 

READY 
X2 OSC 

RDY2 

F/C 

AEN2 

CSYNC 




LOAD 
(SEE NOTE 2) 










5pF 

jc-HI- 










LOAD 
(SEE NOTE 2) 




-I 


r- 




















PULSE 

GENERATOR 

TRIGGER 























































Ready to Clock (using X 1} X2) 



NOTES: 

1. C L = 100 pF. 

2. C L = 30 pF. 























PULSE 
GENERATOR 




EFI 
F/C 
CSYNC 


CLK 




LOAD 
(SEE NOTE 1) 




Vcc 









































Clock High and Low Time 





















PULSE 
GENERATOR 




EFI CLK 

F/C 

AEN1 

RDY2" 

AEN2 

CSYNC READY 




LOAD 
(SEE NOTE 2) 






















I 


V 


c 






TRIGGER 

PULSE 

GENERATOR 


t 
























LOAD 
(SEE NOTE 2) 























Ready to Clock (using EFI) 
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M8286/8287 
OCTAL BUS TRANSCEIVER 

MILITARY 



Data Bus Buffer Driver for Military 
iAPX 86, M8080A, M8085A, and M8048 
Processors 

High Output Drive Capability for 
Driving System Data Bus 

Fully Parallel 8-Bit Transceivers 



3-State Outputs 

20-Pin Package with 0.3" Center 

No Output Low Noise when Entering 
or Leaving High Impedance State 

Military Temperature Range: 
-55°Cto+125°C 



The M8286 and M8287 are 8-bit bipolar transceivers with 3-state outputs. The M8287 inverts the input data at is outputs 
while the M8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 



EH" 

eH" 



eH~ 
BH" 

EM" 

"L- 



t£ 



<£ 



"r-H 
"r-H 

'"hrS 
"T-EJ 



EH' 
E3-H"" 

&M" 
EM" 



O 



l> 



4 



"pa 

"MS 

"1-0 

__T' 



AoE 
AlC 
A 2 C 
A3E 
A 4 E 
A5C 

a 6 C 

A/C 

gndC 



M8286 
6 15 



HVCC 
HBo 

3* 
HB 2 

IJB3 
DB4 

U B 6 
ZJB/ 



AoC 
AlC 
A 2 E 
A3C 
A 4 C 
A5C 

a 6 C 

A/C 

gndC 



M8287 
6 15 



HVCC 

3*2 
3*2 

3** 

U B 5 

3** 
3^ 







Figure 1. Logic Diagrams 



Figure 2. Pin Configurations 
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Table 1. Pin Description 



Symbol 


TVpe 


Name and Function 


T 


I 


Transmit: T is an input control signal used to 
control the direction of the transceivers. 
When HIGH, it configures the transceiver's 
B0-B7 as outputs with Aq-A 7 as inputs. T 
LOW configures A0-A7 as the outputs with 
B0-B7 serving as the inputs. 


OE 


I 


Output Enable: UE is an input control signal 
used to enable the appropriate output driver 
(as selected by T) onto its respective bus. 
This signal is active LOW. 


A -A 7 


I/O 


Local Bus Data Pins: These pins serve to 
either present data to or accept data from the 
processor's local bus depending upon the 
state of the T pin. 


B -B 7 
(M8286) 
B5-B 7 
(M8287) 


I/O 


System Bus Data Pins: These pins serve to 
either present data to or accept data from the 
system bus depending upon the state of the 
Tpin. 



FUNCTIONAL DESCRIPTION 

The M8286 and M8287 transceivers are 8-bit trans- 
ceivers with high impedance outputs. With T active 
HIGH and UE active LOW, data at the A -A 7 pins is 
driven onto the B -B 7 pins. With T inactive LOW and <5E 
active LOW data at the B -B 7 pins is driven onto the 
A -A 7 pins. No output low glitching will occur whenever 
the transceivers are entering or leaving the high im- 
pedance state. 



10-160 



intef 



M8286/8287 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias - 55°C to + 125°C 

Storage Temperature - 65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (V C c = 5V ±10%, t a = -55°cto +125°C) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V C 


Input Clamp Voltage 




-1 


V 


l c =-5 mA 


'cc 


Power Supply Current— 8287 
-8286 




130 
160 


mA 

mA 




If 


Forward Input Current 




-0.2 


mA 


V F = 0.45V 


Ir 


Reverse Input Current 




50 


MA 


V R = 5.25V 


Vol 


Output Low Voltage — B Outputs 
—A Outputs 




.45 
.45 


V 
V 


Iql = 20 mA 
Iql = 10 mA 


Voh 


Output High Voltage — B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


'oh = ~5 m A 
I h = -1 ™A 


'off 
'off 


Output Off Current 
Output Off Current 




»f 
Ir 




V ff= 0.45V 
V ff = 5.25V 


V|L 


Input Low Voltage —A Side 
— BSide 




0.8 
0.9 


V 
V 


V cc = 5.0V, See Note 1 
V cc = 5.0V, See Note 1 


V| H 


Input High Voltage 


2.0 




V 


V cc = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

V B , AS = 2.5V,Vcc = 5V 

T A =25°C 



NOTE: 

1. B outputs— Iol = 20 mA, Iqh = -5 mA, C L = 300 pF 
A Outputs— Iql = 10 mA, Iqh = ~1 rnA, C|_ = 100 pF 



A.C. CHARACTERISTICS (v cc = 5V ±10%, t a = -55°c to +125°C) 

(Loading: B Outputs— Iql = 20 mA, Iqh = -5 mA, C[_ = 300 pF 
A Outputs— Iql = 10 mA , Iqh = _1 mA , C|_ = 100 pF) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
Inverting 
Non-Inverting 




22 
30 


ns 
ns 


(See Note 1) 


TEHTV 


Transmit/Receive Hold Time 


TEHOZ 




ns 




TTVEL 


Transmit/Receive Setup 


30 




ns 




TEHOZ 


Output Disable Time 




18 


ns 




TELOV 


Output Enable Time 


10 


30 


ns 




TILIH, 
TOLOH 


Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, 
TOHOL 


Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



NOTE: 

1 . See waveforms and test load circuit on following pages. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



1.5 -* TEST POINTS - 



AC. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC 1" AND 0." 



TEST LOAD CIRCUITS 



^300 pF 



3STATE TO Vql 



B OUTPUT 



~Z 300 pF 
3-STATE TO Voh 

B OUTPUT 



~Z 100 pF 
3STATE TO V |_ 

A OUTPUT 

1.5V 



?p 100 pF 
3STATE TO VoH 

A OUTPUT 



ZrZ 300 pF 



B OUTPUT 



A OUTPUT 
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WAVEFORM 





INPUTS j 

61 


( 








/ \ 




♦t'ivov— 


- 


TEHOZ 


— TELOV — 
VOH - -1V 

'v L + .1V 


< 


- 


OUTPUTS 


X 


; 










TEHTV 




— TTVEL 


T 


X 




NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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O 
in 
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>• 
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Output Delay vs. Capacitance 
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M8288 

BUS CONTROLLER 

FOR MILITARY iAPX 86 

MILITARY 



■ Bipolar Drive Capability 

■ Provides Advanced Commands 

■ Provides Wide Flexibility in System 
Configurations 

■ Military Temperature Range: 
-55°C to +125°C 



3-State Command Output Drivers 
Configurable for Use with an I/O Bus 



■ Facilitates Interface to One or Two 
Multi-Master Busses 



The Intel® M8288 Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing systems. 
The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 



8086 
STATUS 



CLK- 

CONTROL I AEN - 

INPUT | CEN - 

IOB- 


















STATUS 
DECODER 




COM- 
MAND 
SIGNAL 
GENER- 
ATOR 






























































CONTROL 
LOGIC 




CONTROL 
SIGNAL 
GENER- 
ATOR 










































I 






I 







MRDC 

MWtC 

AMWC 

JORC 

IOWC 

AIOWC 

INTA 



MULTIBUS™ 
COMMAND 
SIGNALS 



DT/R . ADDRESS LATCH, DATA 

DEN I TRANSCEIVER, AND 

MCE/PDEN j INTERRUPT CONTROL 
ALE SIGNALS 



S2 C 

iobC 

sysb/resbC 

resbC 

bclkC 

initE 

breqC 

BPROC 
BPRN C 

gndC 



1 20 

2 19 

3 18 

4 8289 17 

5 BUS 16 
ARBITER 



I]VCC 

I] ST 
USQ 
HCLK 

Ulock 

HCRQLCK 
3 ANYRQST 
3 AEN 
HCBRQ 

Hbusy 



Figure 1. Block Diagram 



processor 
status 



CONTROL/ 

STRAPPING 

OPTIONS 





GND 
I 


vcc 

I 


(- 

^ ^ 


SO 




SI 




I- 


S2 




' — 


LOCK 

8289 




— *■ 


CLK 




— «► 


CRQLCK 




— 


RESB 




— *- 


ANYRQST 




— * 


TOB 





MULTIBUS 
INTERFACE 



-InTt 

- BCLK 

• BREQ 
-BPRN 

• BPRO 

• BUSY 

- CBRQ 



- — SYSB/RESB \ SYSTEM 



- — SYSB/RESB V 
— AEN / 



SIGNALS 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to 125°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Power Dissipation 1 .5 Watt 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (v C c =5V ±10%, t a = -55°c to 125°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


v c 


Input Clamp Voltage 




-1 


V 


lc = -5 mA 


'cc 


Power Supply Current 




230 


mA 




If 


Forward Input Current 




-0.7 


mA 


V F = 0.45V 


|r 


Reverse Input Current 




50 


fjtA 


Vr = V CC 


Vol 


Output Low Voltage- 
Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


Iql = 20 mA 
Iql = 16 mA 


V H 


Output High Voltage- 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


I h = -5 mA 
I h = -1 mA 


V|L 


Input Low Voltage 




0.8 


V 




V| H 


Input High Voltage 


2.0 




V 




'off 


Output Off Current 




100 


(jlA 


V 0FF = 0.4 to 5.25V 



A.C. CHARACTERISTICS (V cc =5V ±10%, t a 

TIMING REQUIREMENTS 



-55°Cto 125°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


66 




ns 




TCHCL 


CLK High Time 


40 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




TCHSV 


Status Active Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


35 




ns 




TCLSH 


Status Inactive Hold Time 


10 




ns 




TILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


TCVNV 


Control Active Delay 


5 


45 


ns 




TCVNX 


Control Inactive Delay 


10 


50 


ns 


TCLLH.TCLMCH 


ALE MCE Active Delay (from CLK) 




25 


ns 






TSVLH, TSVMCH 


ALE MCE Active Delay (from Status) 




25 


ns 


MRDC 1 
TORC 


Iql = 20 mA 

>'OH = -5 mA 

C L = 300 pF 


TCHLL 


ALE Inactive Delay 


4 


15 


ns 


TCLML 


Command Active Delay 


10 


35 


ns 


MWTC 


TCLMH 


Command Inactive Delay 


10 


35 


ns 


IOWC 
INTA 


TCHDTL 


Direction Control Active Delay 




50 


ns 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


AMWC 


TAELCH 


Command Enable Time 




40 


ns 


AIOWC ) 


TAEHCZ 


Command Disable Time 




40 


ns 


f'lOL = 1 6 mA 
Other I Iqh = -1 mA 
| C L = 80 pF 


TAELCV 


Enable Delay Time 


115 


200 


ns 


TAEVNV 


AEN to DEN 




20 


ns 


TCEVNV 


CEN to DEN, PDEN 




30 


ns 


TCELRH 


CEN to Command 




TCLML 


ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



- TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC T' AND "0." 



TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 



3-STATE TO HIGH 



ZjZ 300 pF 



3-STATE TO LOW 



COMMAND OUTPUT 
TEST LOAD 



CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 



DEN, PDEN QUALIFICATION TIMING 



X 



J 



JZJC 



I 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



^ 



OUTPUT 
COMMAND - 




1.5V 
TAEHCZ 



0.5V 



\ 



TCELRH- 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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WAVEFORMS (Continued) 



STATE - T 4- 



/vjhc^/wa 



S2. Si.Sq 



ADDRESS/DATA 



MR DC, IO R C, INTA 
AMWC, AKJWC 



mwTc, F5Wc 



DEN (READ) 
UtN (INTA) 



PDEN< READ) 
KUtN (INTA) 



POEN (WRITE) 



DT/R (READ) 
(INTA) 



\ 



1 



Z 



X 



ADDR 
VALID 



\ 



\ 



<D 



X 



V 



£ 



/" 



\ 



/ 



V 



/ 



/ 






/ 



K 



"Y 



J 



I 



\ 



NOTES: 

1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 

2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 

3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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M8289 
BUS ARBITER 

MILITARY 



Provides Multi-Master System Bus 

Protocol 

Synchronizes iAPX 86, 88 Processors 

with Multi-Master Bus 

Provides Simple Interface with 8288 

Bus Controller 

Military Temperature Range: 

-55°Cto+125°C 



■ Four Operating Modes for Flexible 
System Configuration 

■ Compatible with Intel Bus Standard 
MULTIBUS™ 

■ Provides System Bus Arbitration for 
8089 IOP in Remote Mode 



The Intel® 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 
multimaster/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus 
masters, such as an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive 
capability. 



8086/8088/8089 
STATUS 



S 2 - 

sl- 



PROCESSOR ) 
CONTROL s 



LOCK ■ 

CLK - 

CRQLCK - 

RESB - 

ANYRQST - 

JOB - 



r" — N 

ARBITRATION \| / 



H 



STATE 
GENERATOR 



IT 



MULTIBUS 
INTERFACE 



LOCAL 

BUS 

INTERFACE 



GND 



• INIT 

■ BCLK 

■ BREQ 

• BPRN 
- BPRO 

• BUSY 

■ CBRQ 



MULTIBUS™ 

COMMAND 

SIGNALS 



(SIGNALS 




vcc 



Figure 1. Block Diagram 



PROCESSOR 
STATUS 



CONTROL/ 

STRAPPING 

OPTIONS 



SO 
SI 
S2 

LOCK 
CLK 



CRQLCK 
RESB 
ANYRQST 
TOB 



MULTIBUS 
INTERFACE 



- INIT 
-BCLK 

- BREQ 
-BPRN 
* BPRO 

- BUSY 

- CBRQ 



- SYSB/W1SB \ SYSTEM 
. AEN / SIGNALS 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages . . -1.0V to +5.5V 

Power Dissipation 1 .5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxh 
mum rating conditions for extended periods may affect 
device reliability. 



D.C. CHARACTERISTICS (T A = -35°c to +i25°c, v C c = 


= 5V ±10%) 






Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


v c 


Input Clamp Voltage 




-1.0 


V 


V C c = 4.50V lc = -5 mA 


'f 


Input Forward Current 




-0.5 


mA 


V C c = 5.50V, V F = 0.45V 


Ir 


Reverse Input Leakage Current 




60 


/xA 


V C C = 5.50, V R = 5.50 


Vol 


Output Low Voltage 
BUSY, CBRQ 
AEN 
BPRO, BREQ 




0.45 
0.45 
0.45 


V 
V 
V 


Iql = 20 mA 
Iql = 1 6 mA 
Iql = 1 mA 


V H 


Output High Voltage 
BUSY, CBRQ 


Open Collector 




All Other Outputs 


2.4 




V 


l H = 400 //A 


'cc 


Power Supply Current 


v 


165 


mA 




V|L 


Input Low Voltage 




.8 


V 




V| H 


Input High Voltage 


2.0 




V 




Cin Status 


Input Capacitance 




25 


PF 




Cin (Others) 


Input Capacitance 




12 


PF 





A.C. CHARACTERISTICS (V cc = 5V ± 10%, t a = -55°c to +125°C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


125 




ns 




TCLCH 


CLK Low Time 


65 




ns 


TCHCL 


CLK High Time 


35 




ns 


TSVCH 


Status Active Setup 


65 


TCLCL-10 


ns 


TSHCL 


Status Inactive Setup 


50 


TCLCL-10 


ns 


THVCH 


Status Active Hold 


10 




ns 


THVCL 


Status Inactive Hold 


10 




ns 


TBYSBL 


BUSYflSetup to BCLKj 


20 




ns 


TCBSBL 


CBRQHSetup to BCLK| 


20 




ns 


TBLBL 


BCLK Cycle Time 


100 




ns 


TBHCL 


BCLK High Time 


30 


65[TBLBL] 


ns 


TCLLL1 


LOCK Inactive Hold 


20 




ns 


TCLLL2 


LOCK Active Setup 


40 




ns 


TPNBL 


BPRNfi to BCLKi Setup Time 


15 




ns 


TCLSR1 


SYSB/RESB Setup 







ns 


TCLSR2 


SYSB/RESB Hold 


20 




ns 


TIVIH 


Initialization Pulse Width 


3 TBLBL + 
3 TCLCL 




ns 


TILIH 


Input Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


TBLBRL 


BCLK to BREQ Delay^ 




35 


ns 




TBLPOH 


BCLK to BPROti (See Note 1) 




40 


ns 




TPNPO 


BPRNfl to BPROtiDelay 
(See Note 1) 




25 


ns 




TBLBYL 


BCLK to BUSY Low 




60 


ns 




TBLBYH 


BCLK to BUSY Float (See Note 2) 




35 


ns 




TCLAEH 


CLK to AEN High 




65 


ns 




TBLAEL 


BCLK to AEN Low 




40 


ns 




TBLCBL 


BCLK to CBRQ Low 




60 


ns 




TBLCBH 


BCLK to CBRQ Float (See Note 2) 




35 


ns 




TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0,8V 



NOTES: 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRN. 

2. Measured at .5V above GND. 

3. Denotes that spec applies to both transitions of the signal. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




TEST POINTS - 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 " AND 0.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0." 



DEVICE 
UNDER 
TEST 



1 



C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 



A.C. TEST CIRCUITS 



I) BUSY, CBRQ 




2) AEN 




3) BPRO, BREQ 






C 


5 2.3V 
> 92.5Q 




c 


> 2.3V 
I 110Q 




C 


p 2.3V 
> 170Q 






Z 250 pF 






^ 100 pF 






5 60 pF 
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WAVEFORM 



VCCAT5V ±10%- 



"Y 



-TIVIH *• 



f 



INITIALIZATION: INIT CAN BE EITHER PULSED OR HELD LOW THROUGH POWER UP. 
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UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 

MILITARY 
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■ Fully Compatible with MCS-487MCS-80T 
MCS-85? and iAPX 86, 88 Families 

■ Expandable I/O 

■ Over 90 Instructions: 70% Single Byte 

■ Military Temperature Range: 
-55°Cto+100°C 



■ 8-Bit CPU plus EPROM, RAM, I/O, Timer 
and Clock in a Single Package 

■ One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 

■ DMA, Interrupt, or Polled Operation 
Supported 

■ 1024 x 8 EPROM, 64 x 8 RAM, 8-Bit 
Timer/Counter, 18 Programmable 
I/O Pins 

The Intel® M8741 A is a general purpose, programmable interface device designed for use with a variety of 8-bit micropro- 
cessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports, 
timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to function as 
a peripheral controller in MCS-48? MCS-80? MCS-85? iAPX 86, 88 systems. 

The M8741A has 1K words of program memory and 64 words of data memory on-chip. The device has two 8-bit, TTL 
compatible I/O ports and two test inputs. Individual port lines can function as either inputs or outputs under software control. 
I/O can be expanded with the M8243 device which is directly compatible and has 16 I/O lines. An 8-bit programmable 
timer/counter is included in the UPI device for generating timing sequences or counting external inputs. Additional UPI 
features include: single 5V supply, single-step mode for debug and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 




TESTOC 1 

XTAL1 C 2 

XTAL2 C 3 

RESETC 4 

SSC 5 

CSC 6 

EAtl 7 

RDC 8 

AoC 9 

WRC 10 

SYNC £ 11 

OoC 12 

01 C 13 

D2C 14 

D3C 15 

D4C 16 

D5C 17 

D6C 18 

07 C 19 

VSSC 20 



HVCC 
HTEST1 
3P27'6TRTK 
3P26/DRQ 

HP 2 5/iIP 

3P24/08F 

3 p 17 

I]P16 

DP15 

DP14 

UP13 

UP12 

I3P11 

3P10 

3VDD 

DPROG 

DP23 

I]P22 

HP21 

DP20 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias -55° C to 100°C 

Storage Temperature -65°Cto + 150°C 

Voltage on Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 



*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°c to ioo°c, v cc = v DD = +5V 


±10%) 






Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


V,L 


Input Low Voltage (Except XTAL1, XTAL2, RESET) 


-0.5 


0.7 


V 




V|L1 


Input Low Voltage (XTAL1, XTAL2, RESET) 


-0.5 


0.5 


V 




V| H 


Input High Voltage (Except XTAL1, XTAL2, RESET) 


2.3 


Vcc 






V|H1 


Input High Voltage (XTAL1, XTAL2, RESET) 


3.8 


Vcc 


V 




Vol 


Output Low Voltage (D -D 7 ) 




0.45 


V 


Iol = 1.2 mA 


Von 


Output Low Voltage (P 10 P-i7, P20 p 27> Sync) 




0.45 


V 


lOL = 0.8 mA 


V L2 


Output Low Voltage (Prog) 




0.45 


V 


Iol = 0.8 mA 


VOH 


Output High Voltage (D -D 7 ) 


2.4 




V 


lOH = -240 juA 


V0H1 


Output High Voltage (All Other Outputs) 


2.4 




V 


IpH = -30 /xA 


IlL 


Input Leakage Current (T , J^ , RD, WR, CS, A , EA) 




±10 


M A 


Vss =s V, N < V cc 


loz 


Output Leakage Current (D -D 7 , High Z State) 




±10 


^ 


V ss + 0.45^V OU T^Vcc 


Ili 


Low Input Load Current (P-10P17, P20P27) 




0.7 


mA 


V, L = 0.8V 


'lm 


Low Input Load Current (RESET, SS) 




0.3 


mA 


V| L =0.8V 


•dd 


V DD Supply Current 




25 


mA 


Typical = 10 mA 


•cc + 'dd 


Total Supply Current 




155 


mA 


Typical = 80 mA 



A.C. CHARACTERISTICS (T A = -55°c to ioo°c, v cc = v DD = +5V ±10%) 

DBB READ 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AR 


CS, A Setup to RD1 







ns 




*RA 


CS, A Hold After RDt 







ns 




*RR 


RD Pulse Width 


350 




ns 




*AD 


CS, A to Data Out Delay 




300 


ns 


C L =150pF 


*RD 


RDi to Data Out Delay 




300 


ns 


C L =150pF 


*DF 


RDt to Data Float Delay 




100 


ns 




*CY 


Cycle Time 


4.17 


15 


fiS 


3.6 MHzXTAL 


DBB WRITE 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


*AW 


CS, A Setup to WRi 







ns 




*WA 


CS, A Hold After WRt 







ns 




t ww 


WR Pulse Width 


350 




ns 




*DW 


Data Setup to WRt 


200 




ns 




^WD 


Data Hold After WRt 







ns 
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A.C. CHARACTERISTICS (Continued) 

PORT 2 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup Before Falling 
Edge of PROG 


115 




ns 




tpc 


Port Control Hold After Falling 
Edge of PROG 


65 




ns 




tPR 


PROG to Time P2 Input Must Be Valid 




860 


ns 




tPF 


Input Data Hold Time 





160 


ns 




tDP 


Output Data Setup Time 


230 




ns 




tPD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 





DMA 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Ucc 


DACK to WR or RD 







ns 




*CAC 


RDorWRtoDACK 







ns 




*ACD 


DACK to Data Valid 




300 


ns 


C L =150pF 


tCRQ 


RD or WR to DRQ Cleared 




250 


ns 





A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 




^> TEST POINTS <^ Yc L = 150pF 
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WAVEFORMS 



PORT 2 


















SYNC / 

EXPANDER 
PORT 


\ 


/ 


\ 


r~ 














— ~ 


c 
c 


OUTPUT V 

EXPANDER 
PORT 




PORT 2o-3 DATA 


V PORT CONTROL ^ OUTPUT DATA 




| 






JPF 




INPUT V 




PORT 2q-3 DATA 


* 


" PORT CONTROL \ 


f \ l INPUT J 
V A DATA , 


Up- 


— t PC -J 










PROG 






\ ¥ 
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M8755A 
16,384-BIT EPROM WITH I/O 

'Directly Compatible with M8085A CPU. 
MILITARY 



Military Temperature Range: 
-55°Cto+100°C 

2048 Words x 8 Bits 

Single +5V Power Supply (Vcc) 

U.V. Erasable and Electrically 
Reprogrammable 



■ Internal Address Latch 

■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 



The Intel® M8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the MCS-85™ 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 




PBo-7 



V CC (+5V) 
V S S (0V) 



PROG AND Cli C 




40 


D Vcc 


CE 2 C 


2 


39 


HPB7 


clkC 


3 


38 


Dpb 6 


RESET \Z 


4 


37 


UPBs 


VddC 


5 


36 


HPB4 


READY C 


6 


35 


Dpb 3 


IO/MC 




34 


hpb 2 


iORC 


8 


33 


IlPBi 


rdC 


9 


32 


UPBo 


iowc 


10 


M8755A 31 


Dpa 7 


aleC 


11 


30 


DPA 6 


ADoE 


12 


29 


Dpa 5 


AD! [I 


13 


28 


□ PA4 


AD 2 C 


14 


27 


Dpa 3 


AD 3 C 


15 


26 


Dpa 2 


AD 4 C 


16 


25 


DPAi 


ADsC 


17 


24 


Upao 


AD 6 C 


18 


23 


3 A10 


AD 7 C 19 


22r|A 9 


VssU 


20 


J 


Da 8 



Figure 1. Block Diagram 



Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 55 °C to + 100°C 

Storage Temperature -6»5°Cto +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 

* Except for programming voltage 



* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. CHARACTERISTICS (T A = -55°cto +ioo°c, v cc = v DD = ±10%) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.7 


V 




V|H 


Input High Voltage 


2.2 


V C C + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 1.6 mA 


V H 


Output High Voltage 


2.4 




V 


l O H = -400//,A 


IlL 


Input Leakage 




10 


fiA 


V S S ^ V| N ss V CC 


"LO 


Output Leakage Current 




±10 


/jlA 


V SS + 0.45V *s Vqut ^ V C c 


•cc 


Vqc Supply Current 




220 


mA 




'dd 


Vqd Supply Current 




30 


mA 


Vdd = Vcc 


C|N 


Input Capacitance 




10 


PF 


f = 1 MHz 


C|/0 


Input/Output Capacitance 




15 


PF 


f = 1 MHz 
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A.C. CHARACTERISTICS (T A = -55°cto ioo°c, v C c = v DD = 


±10%) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


tCYC 


Clock Cycle Time 


320 




ns 


C L OAD=150pF 


Ti 


CLK Pulse Width 


80 




ns 


T 2 


CLK Pulse Width 


120 




ns 


tf, t r 


CLK Rise and Fall Time 




30 


ns 


tAL 


Address to Latch Set Up Time 


70 




ns 




tLA 


Address Hold Time after Latch 


100 




ns 


tLC 


Latch to READ/WRITE Control 


130 




ns 


*RD 


Valid Data Out Delay from READ Control 




200* 


ns 


Ud 


Address Stable to Data Out Valid 




500 


ns 


tLL 


Latch Enable Width 


140 




ns 


tRDF 


Data Bus Float after READ 





100 


ns 


tCL 


READ/WRITE Control to Latch Enable 


50 




ns 


tec 


READ/WRITE Control Width 


300 




ns 


*DW 


Data In to WRITE Set Up Time 


200 




ns 


twD 


Data In Hold Time After WRITE 


100 




ns 


t W p 


WRITE to Port Output 




400 


ns 


tpR 


Port Input Set Up Time 


70 




ns 


tRP 


Port Input Hold Time 


70 




ns 


tRYH 


READY HOLD TIME 


10 


160 


ns 


Ury 


ADDRESS (CE) to READY 




220 


ns 


tRV 


Recovery Time Between Controls 


400 




ns 


*RDE 


Data Out Delay from READ Control 


20 




ns 


tLD 


ALE to Data Out Valid 




400 


ns 


Preliminary 



* T AD — Hal + t lc)> whichever is greater. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 




TEST POINTS 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 ' AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0." 



DEVICE 
UNDER 
TEST 



"lc 

I 



= 150 pF 



C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 
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Microprocessor 1 1 

Workshops 



Intel Microcomputer 
Workshops 




Training in 
Microcomputers 

Whether your present involve- 
ment with microcomputers is a 
result of long-term planning or 
simply an exploratory project 
undertaken by your company 
in response to external 
circumstances, there exists an 
obvious and urgent need for 
you to familiarize yourself with 
this exciting new technology 
as quickly and painlessly as 
possible. If the microcomputer 
is, or is destined to become, a 
part of your working scene 
(and there is no field of manu- 
facturing or data processing it 
will not touch sooner or later) 
then the importance of 
carefully planned training 
cannot be over-emphasized. A 
modest outlay in time and 
money now can save many 
weeks of self-study and could 
well prevent some very 
expensive mistakes during the 
initial development of your 
systems. 



Why Intel Training? 

EXPERIENCE 

Intel has been training 
engineers in the application of 
microprocessors and the 
development of microcom- 
puter systems since the early 
70's, and there are now many 
thousands of engineers cre- 
ating the most advanced 
microcomputer systems as a 
direct result of successful 
training with us. 

VARIETY OF COURSES 

Intel Microcomputer Work- 
shops offer training at three 
levels — introductory, inter- 
mediate and advanced. Your 
particular training require- 
ment may involve just one or 
several courses, so we have 
taken care to ensure that each 
Workshop is a high quality 
training module that can 
either stand independently or 
integrate with other modules 
to form a complete coverage 
of our subject. The Workshops 
are constantly being updated 
to include the latest develop- 
ments in devices and support 
software, and course materials 
are similarly reviewed on a 
regular basis — both for clarity 
and content. 



PRODUCT KNOWLEDGE 

As the designers and 
manufacturers of the most 
widely accepted microcom- 
puter products in the world, 
our knowledge is both 
comprehensive and topical. 
Remember the saying about 
'the horse's mouth'! 

EXTENSIVE MATERIAL 

Teaching aids include slide 
and video tape equipment, 
student notebooks and a wide 
range of printed materials 
which are designed to provide 
post-training assimilation and 
act as practical reference 
manuals in your own 
laboratory. 

"HANDS-ON" EXPERIENCE 

We believe that students learn 
better by doing than by 
listening, so a sizeable 
proportion of course time is 
devoted to dynamic training 
via the Intellec MDS develop- 
ment system, appropriate 
single board computers, In- 
Circuit Emulators (ICE), I/O 
units for programming exer- 
cises, and computer kits for 
design and debugging ses- 
sions. Each student therefore 
receives valuable 'hands-on' 
experience of the principles 
and techniques featured in the 
lecture sessions. 



Where is Intel Training? 

TRAINING CENTERS 

Workshops are scheduled 
nearly every week of the year 
in our three regional training 
centers: 
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BOSTON AREA 
Intel Customer Training 
27 Industrial Ave. 
Chelmsford, MA 01 824 
(617)256-1374 

CHICAGO AREA 

Intel Customer Training 

Gould Center, East Tower 

2550 Golf Rd„ Suite 815 

Rolling Meadows, IL 60008 

(312)981-7250 

SAN FRANCISCO AREA 
Intel Customer Training 
1350 Bordeaux Dr., SV3-1 
Sunnyvale, CA 94086 
(408)734-8102 

ADDITIONAL LOCATIONS 

Courses have been scheduled 
in 35 additional locations 
across the U.S., Canada, and 
Mexico. These cities include 
Los Angeles, Washington, 
Dallas, Minneapolis, New York, 
Atlanta, and Ottawa. Intel 
Workshops are also available 
in major European cities and 
Japan. (See local workshop 
brochure) 

CUSTOMER-SITE WORKSHOPS 

All workshops detailed in the 
following pages can, by- 
special arrangement, be 
presented with full laboratory- 
equipment by Intel instructors 
at your facility, Considering the 
transportation and lodging 
savings, the breakeven point is 
typically 5-7 attendees. For 
further information about on- 
site training, please contact 
your nearest regional training 
center. 

EVENING WORKSHOPS 

If you cannot find time to 
attend our day-time work- 
shops, check the schedule for 
our evening workshops. 



Which Workshops Should 
You Attend? 

As a DESIGN ENGINEER or 
SYSTEM ENGINEER with a 
good understanding of digital 
electronics, you might start 
with the MCS-48/49, MCS-5 1 , 
MCS-80/85, or iSBC Workshops. 
If you lack the digital 
electronics background, start 
with the Introduction to Micro- 
computers Workshop. Unless 
you have working experience 
with microprocessor-based 
design and assembly lang- 
uage programming, you 
should attend the MCS-80/85 
Workshop prior to attending 
the iAPX86,88 Workshops. 

As a PROGRAMMER, you may 
be ready to start with the iSBC, 
PASCAL, or PL/M Workshops; 
however, if you intend to use 
assembly language the MCS- 
48/49, MCS-5 1 , MCS-80/85, or 
iAPX86,88 Workshops should 
be attended first. We suggest 
that you also consider the 
Introduction to Microcompu- 
ters Workshop to gain basic 
knowledge of digital electron- 
ics and machine language, 
since these topics are usually 
much more important to the 
microcomputer programmer 
than to the minicomputer or 
large computer programmer. 

As a MANAGER, ADMINISTRA- 
TOR, or PROJECT MANAGER 
wishing an overview of this 
new field, the Microcomputer 
Concepts for Managers Work- 
shop would be suitable; or if 
you want more details, the 
Introduction to Microcom- 
puters Workshop is recom- 
mended. 

If you have sufficient working 
experience with microcom- 



Which Workshops Should 
You Attend? 

Recommended Sequence of Workshops 



INTRODUCTION TO 
MICROCOMPUTERS 
WORKSHOP 



MCS-48/49 
WORKSHOP 



MCS-5 1 
WORKSHOP 



iSBC 
WORKSHOP 



INTELLEC 

MDS 
WORKSHOP 



MCS-80/85 
WORKSHOP 



ICE-85 
WORKSHOP 



DATA COMM. 
WORKSHOP 



GPIB 
WORKSHOP 



JAPX86.88 

WORKSHOP 



ICE-86AND 
JAPX86/21 
WORKSHOP 



PL/M-80 
WORKSHOP 



PASCAL 
WORKSHOP 



PL/M-86 
WORKSHOP 



RMX/80 
WORKSHOP 



iRMX 86 
WORKSHOP 



puter hardware and software 
you might attend any of the 
Intel Workshops without first 
attending a prerequisite 
workshop; however, since 
microcomputers are new to 
many people, we recommend 
the sequence indicated in the 
chart for those who want to 
advance their microcomputer 
education. 
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Announcing . . 



NewMCS-51™ 

Microcontroller 

Workshop 

This new 4-day workshop will 
give a boost to your first 805 1 
based project or allow you to 
evaluate the 805 1 . The 
workshop covers the architec- 
ture, instruction set, and 
software development pack- 
age of this new single chip 
microcontroller. (See 
page 18) 

New Data Communication 
Chips Design Workshop 
This new workshop focuses on 
bit-serial synchronous commu- 
nication modes and devices, 
and provides both an 
overview and hands-on lab for 
data communications. (See 
page 19) 

New IEEE-488 GHB 
Workshop 

This course introduces the 
concepts and specifications of 
the IEEE-488 General Purpose 
Interface Bus by design and 
implementation with the Intel 
IEEE-488 chip set. (See 
page 19) 

New ICE-85™ User's 
Workshop 

This 3-day workshop provides 
intensive and comprehensive 
training on the ICE-85 In- 
Circuit Emulator hardware/ 
software debug tool through 
lecture and hands-on labor- 
atory. (See page 2 1 ) 

New Training Center 
Facilities and Labs 

Responding to your request, 
we have significantly in- 
creased the number of Intellec 
Microcomputer Development 
Systems and other lab 



equipment in our training 
centers. We had to move to 
new facilities to accomplish 
this, but our goal is to deliver 
the best training you can get 
your hands-on. 

New Workshop Vans for 
More Hands-On at Your Site 

We have outfitted three vans 
with new Intellec Microcom- 
puter Development Systems 
and ICE In-Circuit Emulators, 
so we can easily bring our 
extensive workshop lab equip- 
ment to your facility. 

New Video Tape Library 

ICE CONCEPTS 

Intended for users of an In- 
Circuit Emulator, this 22-minute 
color video tape demonstrates 
the unique capabilities of ICE 
debug tool, including the 
debugging of an actual traffic 
control application. 

INTELLEC® MICROCOMPUTER 
DEVELOPMENT SYSTEM 
OPERATION 

Intended for users of an 
Intellec 220, 225, 230, 235, 240, 
or 245 system. This 20-minute 
color video tape shows how to 
power-on the system, handle 
the floppy disk, edit a file with 
the CRT editor CREDIT, and 
use simple ISIS-II commands 
like COPY, DELETE, and 
DIRECTORY. 

Both are available in 3/4" and 
1/2" video tape cassette 
formats at $250.00 per copy. 
Order from the San Francisco 
Area Training Center, 
(408) 734-8102. 
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Intel Microcomputer Workshop Schedule 



Workshops' 


APR 


MAY 


JUN 


JUL 


AUG 


SEP 


30 


6 


13 


20 


27 


4 


11 


18 


25 


1 


8 


15 


22 


29 


6 


13 


20 


27 


3 


10 


17 


24 


31 


7 


14 


21 


28 


Introduction to Micro- 
computers" (4 days) M-TH 


C 






S 








B 








S 






B 








C 






S 










B 


iAPX 432 Architecture (3 days) 
T-TH 












S 














S 


























B 




MCS-80/85 System Design 


S 




C 


P 


L 


B 


s 








D 


B 






S 




W 


C 


L 


B 


W 




S 




B 


W 
D 




iSBC Single Board Computer 










C 














S 




















C 








S 




PL/M-80 Language/Software 
Design 








B 








s 








C 












B 










s 








C 


iAPX 86, 88 System Design 


D 


S 


B 


C 


P 


L 


B 






S 




D 


B 




S 


C 


B 


W 




B 

L 




S 

w 






B 




D 


ICE 86, 88 and iAPX 86/21 






S 










B 
















S 










B 














PL/M-86 Language/Software 
Design 


S 










B 


















C 












S 




w 








B 


PASCAL Programming 




S 


















B 




















C 












S 


iRMX 86 Operating System 








S 






C 






B 














S 






C 




B 












iRMX 86 I/O System 
















C 




















S 










B 










MCS 48/49 System Design 


B 










cl 














B 
















C 














MCS-51 Microcontroller^ days) 
M-TH 










s 












B 




C 












S 














B 




2920 Signal Processor 














s 


















B 


















C 






Data Communications Chips 
(4 days) M-TH 






















C 






























C 




IEEE-488 GPIB Chips (4 days) 
M-TH 












s 




























S 
















Intellec Development System 
(3 days) M-W 




















C 


























c 










ICE 85 Users (3 days) M-W 










s 




























B 


















Operating Systems for 8-Bit 
Micros 




B 


















S 












C 
















s 







"All workshops 5 days unless otherwise noted. "See page 7 for additional offerings 



Area 


Training Center Location 


Telephone 


B 


Boston 


27 Industrial Ave., 

Chelmsford, MA 01824 


617-256-1374 


C 


Chicago 


2550 Golf Rd., Suite 815, 

Rolling Meadows, IL 60008 


312-981-7250 


S 


San Francisco 


1350 Bordeaux Dr., 
Sunnyvale, CA 94086 


408-734-8102 



Other Areas 


Call 


D Dallas, TX 
L Los Angeles, CA 
P Philadelphia, PA 
W Washington D C 


312-981-7250 
408-734-8102 
617-256-1374 
617-256-1374 



Registration 

To enroll in a scheduled workshop, call the appropriate Intel Training Center listed above 

between the hours of 8- 1 2 and 1 -5, and ask for Customer Training. 

Since enrollment is limited, registration 4-8 weeks in advance is recommended. 



Confirmation 

A confirmation letter will be sent 
to you specifying details of 
workshop time, location, 
directions, and lodging. 



AFN: 01608A 



Payment 

DUE BEFORE THE WORKSHOP 
BEGINS. Tuition and schedule 
subject to change. 



Group Rate Tuition Policy 

Tuition is at a group rate 
when an organization enrolls 
3 or more people in the same 
course, (same date and 
location). Groups are eligible 
for this discount only when 
enrollment and pre-payment 
are made together. 
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Introduction to 
Microcomputers Workshop 
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Included in the price of the course is an SDK-85 
kit which includes: 

3 MHz 8085 CPU (enhanced 8080) 

Keyboard — 24 keys 

Display — 6 digits 

Monitor ROM 2048 bytes 

RAM Memory 256 bytes 

38 I/O lines 

Teletype interface 

Complete documentation 



Course Description 

• Fundamental computer 
concepts and terminology 
introduced 

• Operation of the Intel 8085 
microprocessor explained 

• 8085 assembly language 
programming 

• Stacks, subroutines, inter- 
rupts and I/O interfacing 
introduced 

• Lab sessions on SDK-85 
System Design Kit 

• An SDK-85 Kit (valued at 
$300) is yours to keep 

Attendees 

Engineers, scientists, or other 
technical people with limited 
computer or digital electronics 
background 

Length: 4 Days 

Tuition; $895 (includes 
SDK-85 Kit) 
$775 (Group rate) 



Course Outline 

DAYl 

Introduction to Microelectronics 

Computer Concepts 

Computer Languages 

Using the SDK-85 

Lab: Kit Operation and 

Programming 

Moving Data 

DAY2 

Delay Loops 

Lab: Audio Oscillator using 

Digital Techniques 
Subroutines 
Stack Operation 
Lab: Using Subroutines 

DAY3 

Logic Instructions 

Lab: Handshaking Techniques 

Addition 

Lab: Multi-Function Programs 

Microprocessor Operation 

DAY 4 

Interrupts 

Memory Operation and Address 

Decoding 
Programmable Peripheral Chips 
Lab: Chip Programming Excer- 

cises 
Introduction to the Development 

System ICE, Assembler, and 

Higher Level Languages 
Course Summary and Review 



Introductory 
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MCS -80/85 System 
Design Workshop 




Course Description 

• 8085 architecture explained 
in detail 

• Assembly language pro- , 
gramming for 8080/8085 

• Design and development of 
systems using Intel 8080, 
8085 chips 

• Interfacing and program- 
ming techniques 

• Lab sessions "hands-on" 
using the Intellec Series II 
microcomputer development 
system 

• ICE-85 In-Circuit Emulator 
used to debug programs 

Attendees 

• Design engineer or pro- 
grammer who is familiar 
with binary numbers and 
logic functions 

• Prior attendance at Intro- 
duction to Microcomputers 
Workshop or equivalent 
knowledge is recommended 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

Introduction to Microprocessors 
Assembly Language Instructions 
Programmed Input and Output 
Microcomputer Development 

System Monitor 
Lab: Using System Monitor 

DAY2 

Microcomputer Development 

System Disk Operating System 
CREDIT Text Editor and Macro 

Assembler 
The Processors 
Lab: Using Text Editor and 

Assembler 

DAY 3 

Stacks and Subroutines 
Interrupts 

Input and Output Techniques 
Programming Techniques 
Lab: In-Circuit Emulator Intro- 
duction 

DAY 4 

In-Circuit Emulator 

8155, 8355, 8185 Peripherals 

Memory Interfacing 

Lab: Using 8085 In-Circuit 

Emulator 

DAY 5 

8255 and 825 1 A Peripherals 

Tools for Modular Program 

Development 
Chips vs. Boards 
Preview of 8088 



8080/8085 
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ISBC ™ Single Board 
Computer Workshop 



Course Description 

• Covers state of the art 
microprocessors and single 
board computer systems 

• Explains operation and pro- 
gramming of selected SBC 
products including: iSBC80/30, 
iSBC80/24,iSBC86/12A 

• Describes design, configur- 
ation and implementation of 
single board computer 
systems for industrial appli- 
cations 

• Intel Development System 
used in laboratory sessions 

• Laboratory sessions also 
implement a variety of iSBC 
system configurations. 

• ICE In-Circuit Emulator used 
to aid system debugging 

• Includes field service, fault 
location, and maintenance 
topics 

Attendees 

• System engineer or pro- 
grammer who will be using 
iSBC Products 

• Some programming exper- 
ience is required, preferably 
8085 assembly language; 
PL/M workshop is helpful, 
but not required 

Length: 5 Days 
Tuition: $895 

$775 (Group rate) 
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Course Outline 

DAYl 

Survey of Intel Single Board 
Computers, Languages, 
and Operating Systems 

Overview of the Intel 

iSBC 80/30 Processor Board 
and Associated Peripheral 
Interface Chips 

The 8085A Microprocessor 
Fundamentals and Assem- 
bly Language Program- 
ming Techniques 

Designing with the Intel 8255 
Programmable Peripheral 
Interface Chip 

Lab: iSBC Monitor and 
Parallel I/O Capability of 
iSBC 80/30 Processor Board 

DAY2 

Intellec Development System 

Credit — CRT Based Text 
Editor 

ASM 80 Assembler/PLM-80 
Programming 

Tools for Modular Program- 
ming — (link, locate, 
include and submit) 

ICE-85, In-Circuit Emulator 

Lab: Development of Pro- 
grams for iSBC Processor 
Boards via Development 
System 

DAY 3 

Design and implementation 
of a Serial Communica- 
tion System 

iSBC 544 Intelligent Com- 
munication Controller 

iSBC 80/24 Single Board 
Computer and Multimod- 
ule Expansion Boards 

Multibus Specifications and 
Architecture 

Lab: Development Programs 
to operate on iSBC 
Processor Boards, Multi- 
module I/O Expansion 
and Memory Boards 

DAY 4 

iSBC 86/ 1 2A Single Board 

Computer 
iSBC Memory Boards, RAM, 

PROM, EPROM, and Bubble 

Memory Boards 
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iSBC Parallel I/O Expansion 

Boards, iSBC 519, iSBC 569 
iSBC Analog I/O Boards, iSBC 

711, 724, and 732 
iCS Industrial Control System 

and Signal Conditioning/ 

Terminator Panels 
Lab: iSBC 544 Communica- 

tion Lab 

DAY 5 

FSP and Model 810- 

Software Development 

Modules 
RMX/80 Real-Time 

Multitasking Executive 
Service and Maintenance of 

iSBC, iCS Systems 
Future iSBC Products 
Lab: iSBC 544, iSBC 80/30 

Multitasking Lab 
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Software Design Workshop 
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Course Description 

• Learn PL/M programming 
for 8080 and 8085 micro- 
processors 

• Design, implement, and 
debug PL/M-80 modular 
software 

e LINK multi-modules using 
libraries 

• Develop software for disk 
file handling 

e "Hands-on" laboratory ses- 
sions using the Intellec Series 
II microcomputer devel- 
opment system 

• In-Circuit Emulator used for 
system debugging 

Attendees 

e Design engineer or pro- 
grammer 

e Prior programming exper- 
ience will assist in obtaining 
maximum benefit from the 
course 

• Introduction to Microcompu- 
ters or MCS-80/85 System 
Workshops recommended 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

PL/M Overview 

Declaration Statements 

Sequential Statements 

Conditional Statements 

Loop Statements 

Program Preparation 

Lab: Microcomputer Development 

Systems Introduction 

DAY2 

Intellec Series II Development 

System 
ISIS-II Commands 
System Monitor 
CREDIT Editor 
Lab: Implement Program for 

Oven Control 

DAY3 
Procedures 
Compiler Controls 
Linking Modules 
Locating 

Submit Command 
Lab: Design and Implement On- 
Line Editor 

DAY 4 

In-Circuit Emulation 

Libraries 

Lab: Use ICE-85 Module on SDK- 

85 Kit 

DAY 5 

System Calls 

Interrupts 

Reentrancy 

Lab: Design and Implement 

File Handling Program 
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RMX/80 Operating 
System Workshop 



Course Description 

• Operation and implementa- 
tion of Intel RMX/80 Real- 
Time Multi-Tasking Execu- 
tive 

• Basic concepts of multi- 
tasking are explained 

• Concurrency of tasks, asyn- 
chronous events, priorities, 
scheduling, resource shar- 
ing, interrupts, and inter-task 
communication discussed 

• Lab sessions on task writing 
and system generation using 
iSBC Processor Boards 

• In-Circuit Emulator used to 
aid system debugging 

Attendees 

• System engineer or pro- 
grammer who will be using 
RMX/80 in iSBC system 
application 

• PL/M-80 Language/Software 
Design Workshop or equiv- 
alent knowledge is required 
(eg. based variables, struc- 
tures, and declare literally) 

• Familiarity with Intellec 
Microprocessor Develop- 
ment System is required 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

Introduction to Multi-Tasking 

What is RMX/80? 

Review of Development Process 

Lab: RMX/80 Operation 

DAY 2 

RMX/80 Model 
Implementing RMX/80 Tasks 
Configuring a System 
Lab: Writing Tasks and 

Configuring System 

DAY 3 

RMX/80 Extensions: Terminal 

Handler 
Task Priorities 
Lab: Implementing a Terminal 

Handler Task 

DAY 4 

RMX/80 Extensions: 
The Debugger and 
The Free Space Manager 

Lab: Implementing RMX Exten- 
sions 

DAY 5 

RMX/80 Extensions: 
The Disk System 

Lab: Implementing RMX Exten- 
sions 
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1APX 86,88 System 
Design Workshop 




Course Description 

• Design systems for 8086/8088 

• Develop programs using 
8086 assembly language 

• Lectures cover CPU, 
addressing modes, interrupt 
system, timing, I/O 

• Laboratory "hands-on" uses 
Intellec Series II Microcom- 
puter Development System 
and SDK-86 Kit 

• ICE-86 In-Circuit Emulator 
introduced as software 
debug tool 



Attendees 

• Workshop for design 
engineer or programmer 
who will use or evaluate 
8086,8088,oriSBC86/12A 

• Prior experience with micro- 
computers and a working 
knowledge of assembly 
language is required, and 
the MCS-85 Workshop is 
recommended 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 

Course Outline 

DAYl 

Introduction to Assembly 

Language Instruction 
8086/8088 CPU's 
I/O Operations 
System Design Kit (SDK-86) 
Lab: Using the SDK-86 and the 

Serial Monitor 

DAY2 

Development System 
Addressing Modes 
Programming Exercises 
Lab: Using the 8086 Assembler 
and the Development System 

DAY 3 

Procedures 

String Operators 

Interrupt System 

Lab: Programming with Proced- 

ures and the String Operators 
DAY 4 

Programming for Large Systems 
CPU Timing 

8086/8088 Support Chips 
Lab: Programming with Multiple 

Segments 

DAY 5 

Programming with Multiple 

Modules 
Introduction to ICE-86 
Introduction to Multiprocessing 

and the Multibus 



8086/8088 
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Course Description 

• Detailed discussions on 
assembler directives, 
segmentation, library 

• The design and program- 
ming of large systems 

• 8089 I/O Controller 
explained 

• "Hands-on" lab sessions use 
Intellec Series II Devel- 
opment System and iSBC 
86/ 12A Single Board 
Computers 

• ICE-86 In-Circuit Emulator 
used to debug programs 

Attendees 

• Programmer or system 
designer who needs 
complete understanding of 
8086 assembly language 
programming and ICE-86 
debugging techniques 

• Knowledge of Intellec 
Development System 
assumed 

• Prior attendance at MCS- 
86/88 Workshop required 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



ICE-86/88 and 
1APX 86/2 1 Workshop 



Course Outline 

DAYl 

Review of the 8086/8088 

Advanced Programming Topics 

Linkage 

The Software Development 

Process 
Lab: PL/M-86 Linkage 

DAY 2 
Execution Vehicle 

Considerations 
iSBC 86/ 12A Board 
8259A Peripheral Chip 

Programming 
Introduction to ICE-86 Emulator 

Module 
Lab: Interrupt Handling 

DAY 3 

Advanced ICE-86 Module 

Features 
Interrupt Structures 
Multiprocessor Topics 
Lab: ICE-86 Introduction 

DAY 4 

8086 Component Family Review 
Multibus Arbitration Logic 
Introduction to Input/Output 
Processors 

Lab: ICE-86 

DAY5 

Advanced 8089 Topics 

Application Topics 
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PL/M-86 Language/Software 
Design Workshop 




Course Description 

• Learn PL/M programming 
for 8086 microprocessor 

• Design, implement, and 
debug PL/M-86 modular 
software 

• LINK multi-modules using 
libraries 

• "Hands-on" laboratory ses- 
sions using Intellec Series II 
Microcomputer Develop- 
ment System and SDK-86 
Design Kit 

• ICE-86 In-Circuit Emulator is 
introduced as software de- 
bugging tool 

Attendees 

• Design engineer or pro- 
grammer who is ready to 
use high level language 
with Intel 8086 or iSBC 
86/12A 

• MCS-86/88 workshop 
recommended as prere- 
quisite for understanding the 
underlying structure of 8086 
microprocessor 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

Introduction 

Declaration Statements 

Data Elements 

Data Types 

Operators, Operations, and 

Priorities 
Execution Statements 
Lab: Microcomputer Develop- 

ment System and SDK-86 
DAY2 
Procedures 

ISIS-II Disk Operating System 
CREDIT Editor 
PL/M-86 Compiler Options 
Lab: Implement Console I/O 

Routines 

DAY3 

Data References 

Blocks 

Link and Locate Programs 

Built-in Facilities 

Lab: Design and Implement 

Modular Line Editor 
DAY 4 

Using Libraries 
Character String Handling 
Interrupt Procedures 
Reentrant Procedures 
Lab: Design and Implement 

Command Line Interpreter 
DAY5 

ICE-86 Module 
Discussion of Selected Programs 



8086/8088 
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iRMX 86 Operating 
System Workshop 



Course Description 

• Introduction to iRMX 86 
Real-Time Multi-Tasking 
Executive principles and 
implementation 

• Basic concepts of multi- 
tasking are explained 

• Concurrency of tasks, asyn- 
chronous events, priorities, 
scheduling, resource shar- 
ing, interrupts, and inter-task 
communication discussed 

• Lab sessions on task writing 
and system generation using 
iSBC Processor Boards 

• In-Circuit Emulator used to 
aid system debugging 

Attendees 

• System engineer or pro- 
grammer who will be using 
iRMX 86 on an iSBC 86/ 1 2A 
Single Board Computer 

• PL/M 86 Language/ Software 
Design Workshop or equiva- 
lent knowledge is required 
(eg. based variables, struc- 
tures, and declare literally) 

• Familiarity with Intellec 
Series II Microcomputer 
Development System is 
required 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

Real-Time Concepts 

The iRMX 86 Model 

Overview of iRMX 86 Nucleus 

The Software Development 

Process 
Lab: Write a single task for a 

system 

DAY 2 

The iRMX 86 Nucleus 

The Terminal Handler 

Lab: Write multiple tasks lor a 
system which uses the 
Terminal Handler 

DAY 3 

Interrupts 

The Debugger 

Lab: Write interrupt task 

DAY 4 

The Configuration Process 
Installing iRMX 86 
Lab: Write configuration 
modules 

DAY 5 

Overview of I/O System 
Future iRMX 86 Features 
Lab: Write task for file I/O 
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8086/8088 



PASCAL Programming 
Workshop 




Course Description 

• Learn PASCAL program- 
ming on Intellec Develop- 
ment Systems 

• Design, implement, and 
debug PASCAL modular 
software 

• Learn Structured Program- 
ming Concepts 

• "Hands-on" laboratory using 
the Intellec Series II micro- 
computer development sys- 
tem and PASCAL-80 or 
PASCAL-86 software 

Attendees 

• Design engineer, scientist, or 
programmer 

• No prior programming 
experience necessary 

Length: 5 Days 

Tuition: $895 

$775 (Group rate) 



Course Outline 

DAYl 

PASCAL Overview 

Block Structuring 

Lab: Microcomputer Develop- 
ment System Introduction 

Datastorage 

PASCAL Standard Data Types 

Program Construction in PASCAL 

Assignment Statements 

DAY 2 

ISIS-II Disk Operating System 

Credit Editor 

PASCAL-80 Run Time System 

Lab: Design and implement 
PASCAL Program 

Conditional Statements 

Iteration-Loops 

Procedures and Functions 

Lab: PASCAL Program using 
Procedures 

DAY3 

Scalar Data Types 

Structured Data Types: 

1. Sets 

2. Arrays 

3. Strings 

4. Records 

Lab: PASCAL Program using 
Structured D ata Types 

DAY4 

Files 

File Type 

Built-in Procedures and 

Functions to Manipulate 

Files 

Textf iles 

Interactive Files 

Untyped Files 

Lab: PASCAL program using File 
Data Structures 

DAY 5 

Dynamic Data Structures 
Advanced Programming Topics 
Advanced Design Topics 
Lab: PASCAL Program using 
Dynamic Data Structures 
PASCAL-86 Compiler 



8080/8085, 8086/8088 
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2920 Signal Processor 
Workshop 



Course Description 

• Design systems using 2920 

• Develop programs using 
2920 assembly language 

• Use Microcomputer Devel- 
opment Systems software 
support tools for program 
assembly and simulation 

• Investigate applications for 
2920 signal processor 

Attendees 

• Design engineer who is 
familiar with analog filter 
design, frequency domain 
analysis and S-Plane repre- 
sentation 

• Prior digital design or digital 
filter experience recom- 
mended 

Length: 4 Days 

Tuition: $795 

$625 (Group rate) 



Course Outline 

DAYl 

Overview of 2920 

Instruction Set 

Binary Arithmetic 

Simulator 

Lab: Sawtooth Generator VCO 

DAY 2 

Constant Scaling 
2920 Assembler 
Constant Multiplication 
Simulator Output 
Lab: Low Pass Filter and Two Pole 
Filter 

DAY 3 

Variable Multiplication 
Variable Division 
Signal Processings Application 
Compiler 

Lab: Using the Compiler 

DAY4 

Review Sample Techniques 

Noise 

Aliasing 

Application Discussion 

Lab: Open 
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Single Chip 



MCS -48/49 System 
Design Workshop 




Course Description 

• Design and develop a 
system using Intel MCS-48/49 
single chip microcomputers 

• Programming in 8048 
assembly language 

• Explanation of Intel 8048 
architecture, system timing 
and input/output design 

• Lab sessions provide 
"hands-on" experience 
using PROMPT-48 and 
Intellec Series II micro- 
computer development sys- 
tem to develop 8048 
programs 

• ICE-49 In-Circuit Emulator 
used for system debugging 

• Intel 802 1 , 8022, and 804 1 
chips are discussed 

Attendees 

• Design engineer or pro- 
grammer who is familiar 
with binary numbers and 
digital logic 

• Prior attendance at Intro- 
duction to Microcomputers 
Workshop or equivalent 
knowledge recommended 

Length: 5 Days 

Tuition: $895 

$725 (Group rate) 



Course Outline 

DAYl 

Microprocessor System 
8048 Overview 

Assembly Language Instructions 
PROMPT-48 Design Aid 
Lab: Software Development 
Using PROMPT-48 Design Aid 

DAY2 

Assembly Language Instructions 

Subroutines 

Development System 

Text Editor and Macro 

Assembler 
Lab: Development System 

Introduction 

DAY 3 

System Timing 
Interrupts 
Expanding I/O 

Lab: Programming Using Timer 
and Interrupts 

DAY 4 

Expanding Memory 

Peripheral Interfacing Using 

8279,8251,8255,8355,8155 
In-Circuit Emulator 
Lab: Debugging Using ICE-49 

Module 

DAY 5 

8021, 8041 A, 8022 

Analog Interfacing 



Single Chip 
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MCS-51 Microcontroller 
Workshop 



Course Description 

• Program in 805 1 Assembly 
Language and discuss 
system design with 805 1 
components 

• Explanation of MCS-51 
Architecture including: 

— Boolean Processor 

— I/O Port Structure 

— Timers 

— Serial Port 

— Interrupts 

— Memory Types and 
Memory Spaces 

• "Hands-on" Lab sessions 
covering the MDS Develop- 
ment System, the ISIS 
Operating System, the 
CREDIT text editor, the MCS- 
5 1 Assembler, and 
execution vehicle. 

• Review of some 8048 
concepts. 

Attendees 

This course is designed for the 
design engineer who wants to 
become familiar with the 805 1 
family of components. Prior 
knowledge of Intel com- 
ponents is not required. The 
attendee should be familiar 
with digital logic functions and 
have some programming 
experience. The Introduction 
to Microcomputer Workshop is 
recommended. 

Length: 4 Days 

Tuition: $795 

$625 (Group rate) 



Course Outline 

DAYl 

Introduction 

Programming and Instruction 

Set Representation 
Internal Data Memory 
Lab 

Program Sequencing 
Immediate Data 
Lab: Traf f ic Light Control using 

Delays 

DAY2 

ISIS-II 

CREDIT 

MCS-51 Assembler 

Lab: 7-segment display 

Subroutines 

Lab: Traffic Light Controller 

Revisited using Subroutines 
DAY 3 

Port Structure 
Register Addressing 
Boolean Processor 
Lab: Multiplexing 7-segment 

display 
Indirect Addressing 
Lab: Using Table Look-up 

Techniques 

DAY 4 

Interrupts 

8051 Timers 

Serial Port 

Lab: Setting up and using the 

Serial Port to communicate 

with a CRT 
Arithmetic Instructions 
Accessing External Memory 
Application Topics ' 
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Single Chip 



Data Communication 
Chips Workshop 




IEEE-488GPIB Chips 
Workshop 



Course Description 

• Reviews data communica- 
tion fundamentals 

• Describes Asynchronous and 
Synchronous bit serial 
communication protocols: 
Bi-Synch, HDLC/SDLC, X.25 

• Utilize Intel chips in 
laboratory: 
8251USART 

8273 HDLC/SDLC Controller 

• Explain new Intel chips for 
data communication: 8256 
and 8274 

• Discusses RS232, Local 
network and ether net 

Attendees 

• Intended for the design 
engineer, service engineer, 
or programmer who needs 
to understand how serial 
data communication is used 
in a distributed system, 

• The Introduction to Micro- 
computer Workshop or 
equivalent knowledge is 
required, 




Peripheral Chips 



Course Description 

• Describes the General 
Purpose Interface Bus char- 
acteristics including protocol, 
electrical, and mechanical 
specifications 

• Explains systems application 
examples and implemen- 
tation guidelines 

• Includes programming and 
use of: 

8291 GPIB Talker/Listener 

8292 GPIB Controller 

8293, 8296, 8297 Transceiver 

and Interface 

iSBC 80/24 and IEEE 488 

Multi-module 

Attendees 

• Design engineer or pro- 
grammer who has prior 
assembly language or PL/M 
programming experience 
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Length: 4 Days 

Tuition: $795 

$625 (Group rate) 

Course Outline 

DAY! 

History of Data Comm. 

Communication Hierarchy 

Non-standards 

Asynch 

Lab: Using Intellec 

DAY 2 

Byte Synch. Comm. 

Bi-synch 

RS232 

Lab: Using SBC 544 

DAY 3 

Bit Synchronous 

HDLC/SDLC 

Loop mode 

X.25 Protocol 

Laboratory Demonstration 

DAY 4 

Local networks 

Ether-net 

Star Configurations 

Application discussion 



• The Introduction to Micro- 
computer Workshop or 
equivalent knowledge is 
required, The Intellec 
Development System Oper- 
ation Workshop is recom- 
mended. 

Length: 4 Days 

Tuition: $795 

$625 (Group rate) 

Topics 

IEEE-488/GPIB Overview 
Intel Chip Set Overview 
Hardware Considerations 
Programming Examples 
Bus Functions 
Message Protocols 
Interrupt and DMA Operation 
Servicing Requests 
iSBC Interface Considerations 



Intellec® Development 
System Workshop 



Course Description 

• Comprehensive coverage of 
ROM based system monitor, 
ISIS-II Diskette Operating 
System, and CREDIT text 
editor 

• Introduction to FORTRAN-80, 
LINK/LOCATE, system moni- 
tor debugging techniques, 
In-Circuit Emulation (ICE-85 
used as an example), and 
Universal PROM Program- 
mer 

• System installation and 
checkout 

Attendees 

• Programmer or design 
engineer who will be using 
Intellec Series II Develop- 
ment System to develop, 
debug, and integrate hard- 
ware/software 

• Manager who wants to 
understand how this tool can 
help get a project comple- 
ted faster 

Length: 3 Days 

Tuition: $595 

$475 (Group rate) 



Course Outline 

DAYl 

Introduction 
System Overview 
System Installation 
Introduction to ISIS-II 
Using CREDIT Text Editor 

DAY 2 

Introduction to FORTRAN-80 

Compiling a Program 

Introduction to LINK/LOCATE 

System Monitor 

ICE-85 

DAY 3 

ICE-85 (Continued) 

User Maintenance 

Programming Aids 

Universal PROM Programmer 

Course Review 
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Development System 



ICE-85 Users Workshop 




Course Description 

• Comprehensive coverage of 
In-Circuit Emulation using 
ICE-85 

• Debugging of Assembly and 
PL/M Programs 

• Extensive Hands-on Labor- 
atory practice with instruc- 
tor's guidance. 

Attendees 

• Programmer or design 
engineer who will be using 
an ICE Product (ICE-48, ICE- 
41, or ICE-85) and who 
needs to develop expertise 

• Prior programming exper- 
ience with 8085, and use of a 
development system is 
assumed. Introduction to 
Microcomputer Workshop 
or equivalent is required 

Length: 3 Days 

Tuition: $595 

$475 (Group rate) 



Topics 

ICE Concept 

Installation 

Use of ICE Manuals Documen- 
tation 

Command Language 

Memory Mapping 

Emulation Control with Break- 
points 

Trace Data Collection Modes 

Data Display Formats 

Debugging Strategies 

Multi-ICE 

Comparison of ICE-48, ICE-41, 
and ICE-85 



Development System 
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SAN FRANCISCO AREA 

1350 Bordeaux Drive, Sunnyvale, CA 94086 408-734-8102 
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HOTELS near training center 

® Sundowner ® Captains Cove Motel 

Sunnyvale, CA Sunnyvale, CA 

408-734-9900 408-735-7800 



© Holiday Inn 
Sunnyvale, CA 
408-245-5330 
800-238-8000 



® Marriott Hotel 
Santa Clara, CA 
408-988-1500 
800-228-9290 



Training Center 
Information 




CHICAGO AREA 

Gould Center, East Tower 

2550 Golf Road, Suite 815, Rolling Meadows, IL 60008 312-981-7250 



HOTELS near training center 

© Arlington Park Hilton 
Arlington Heights, IL 
312-394-2000 



TO MILWAUKEE 




TO CHICAGO 



© Howard Johnson's 
Palatine, IL 
312-359-6900 
800-654-2000 



© Holiday Inn 

Rolling Meadows, IL 

312-259-5000 

800-238-8000 



BOSTON AREA 

27 Industrial Avenue, Chelmsford, MA 01824 617-256-1374 



LOWELL 




CHELMSFORD 



HOTELS near training center 

© Howard Johnson's © Town House Motor Inn 



Chelmsford, MA 

617-256-7511 

800-654-2000 



Lowell, MA 
617-455-5606 



© Howard John 
Burlington, V 
617-272-6550 
800-654-2000 



11-21 



Registration 

To enroll in a scheduled work- hours of 8- 1 2 and 1-5, and ask Since enrollment is limited, 

shop, call the appropriate Intel for Customer Training. registration 4-8 weeks in 

Training Center between the advance is recommended. 

(S) San Francisco (408) 734-8 1 02 (also for other West Coast locations) 
(C) Chicago (312)981-7250 (also for other Mid West locations) 

(B) Boston (617)256-1374 (also for other East Coast locations) 

Confirmation Group Rate Tuition Policy 

A confirmation letter will be sent Tuition is at the group rate 

to you specifying details of when an organization enrolls 3 

workshop time, location, or more people in the same 

directions, and lodging. course, one person in 3 or 

Payment more courses, or some 

t^tit" t>i?t?^r»T7 tut? TAT^nwcu^D combination thereof. Groups 

?JS?rrJ P , JT ~F; are eligible for this discount 

BEGINS Tuition and schedule only when enrollment and 

subject to change. pre-payment are made to- 
gether. 
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General Information -f O 



STANDARD PRODUCT FLOW 




1st Optical Inspection 
For Fab Defects 



Electrical Wafer Sort 



Hermeticity Testing to 

eliminate devices which 
show insufficient 
hermeticity. (Monitored 
byQA) 

Fine leak C DIPs.CERDIPs.and 
Metal cans (MIL-STD-883 
Method 1014.2B).* Gross Leak 
C DIPs and Cerdips only (Method 
1014.2C, vacuum omitted and 1 hour pressunzation). 




1st Optical Inspection 
for Sort Defects 



Scribe or Saw & Break 




Optical inspection criteria based on 
MIL-STD-883 Method 2010.3B to 
insure that all devices are free 
from internal defects which could 
lead to failure in normal applications. 
(Monitored by QA) 



Temp Cyc 



Seal 



HERMETIC 



2nd Optical Inspection 

2nd Optical Inspection QA Gate 



Die Attach 

Die Attach Inspection 
QA Die Attach Gate 




Lead Bond 

Lead Bond Inspection 
QA Lead Bond Gate 



Precap Visual 
Inspection criteria 

based on MIL-STD-883 

Method 2010.3B to insure 
that after assembly all devices are free 

from defects which could lead to failure 
in normal applications. (Each lot must 

pass a QA acceptance.) 
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STANDARD PRODUCT FLOW 



Final Visual! 



QA Visual Acceptance 



Lead Trim 



t 



•Fine leak limits: AH 

devices 1 x 10-7 cc»atm/sec 




Solder Dip 



Deflash, Trim & Form 



QA Outgoing Acceptance 



Electrical Testing to test 
conditions and limits which guarantee 
AC, DC and functional performance over 
jfull specified temperature 
range. 



Mold 



PLASTIC 




QA Acceptance 



Electrical 0.4% AQL AC, DC 

Functional Tests to guarantee 
performance over full specified 
temperature range 



Plant Clearance 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 



NOTES: 

1. All packages drawings not to scale. 

2. All packages seating plane defined by .0415 to .0430 PCB holes. 

3. Type P packages only. Package length does not include end flash burr. Burr is .005 nominal, can be .010 max. at one end. 

4. All package drawings end view dimensions are to outside of leads. 



PLASTIC DUAL IN-LINE PACKAGE TYPE P 



16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 





.110 (2.794) 
.090 (2.286) 



.385 
MAX. 
(9.779) 



18-LEAD PLASTIC DUAL INLINE 
PACKAGE TYPE P 




MAX. 

(9.779) 



20-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 



PLASTIC DUAL IN-LINE PACKAGE TYPE P 



22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




1.105(28.067) 



.200 (5.080) 
MAX. 



PLANE 

.125 (3.175) 
MIN. 



■ 1.000 (25.400) REF. ■ 



~T 



355 (9.017) 
.345 (8.763) 



^ L 



.110 (2.794) 
.090 (2.286) 



H 

.060 TYP 

(1.524) 




■060 (1.524) 
.040 (1.016) 

.155 (3.937) 
.145 (3.683) 



X 



.032 TYP 
(0.813) 



L .015 MIN. 
(0.381) 
.020 (0.508) 
.016 (0.406) 



.010 TYP 
(0.254) 



.425 

- MAX. -+■ 

(10.795) 



-*£ ^Ju- 



.475 

k- MAX. - 

(12.065) 



10° 
REF. 



24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




1.235(31.369) 



1.100(27.940) REF. 



.545 (13.843) 
.535 (13.589) 



.060 (2.032) 
.080 (1.524) 



.125 (3.175) 
MIN. 



TJL'ik -M 



.110 (2.794) 
.090 (2.286) 



.060 TYP 
(1.524) 




.160 (4.064) 
.150 (3.810) 



~"~T 



.032 TYP 
(0.813) 



L 



.015 MIN. 
(0.381) 



.010 TYP | 
(0.254) "*j 



.625 

- MAX. - 

(15.875) 



=fc 



0° 
10° 
REF. 



.700 I 

U- MAX. J 
(17.780) 



28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.200 (5.080) 
MAX. 



- 1.300 (33.020) REF. - 



SEATING 
PLANE 



.545 (13.843) 
.535(13.665) 



L- 



Ifll 




.110 (2.794) 
.090 (2.286) 



.060 TYP 

(1.524) 



.032 TYP 
(0.813) 



X 



__.085 (2.159) 
.065 (1.651) 

r .160 (4.064) 
L .150 [3.810) 

|_.015MIN. 
(0.381) 



.625 

■*-- MAX. - 
(15.875) 



.010 TYP 
(0.254) 



.020 ( 0.508 ) 
.016 (0.406) 



-i^L 



.700 

- MAX. - 

(17.780) 



40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




2.055 (52.197) 



- 1.900 (48.260) REF. 



SEATING 
PLANE 
.120 
MIN. 



.545 ( 13.843) 
.535 (13.589) 



.070(1.778) 



.030(0.762) 



(3.048)] I I JL || 




r .175 (4.445) 
<_ .160 (4.064) 



.110 (2.794) 
.090 (2.286) 



.060 TYP 
(1.524) 



.032 TYP 
(0.813) 



T-. 015 MIN. 
(0.381) 

.020 (0.508) 
.016 (0.406) 



.010 TYP 
(0.254) 



.625 

- MAX. - 

(15.875) 



I .7.00 I 

U- MAX. -J 



10° 
REF. 



MAX. 
(17.780) 
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AFN-01301A-02 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE D 

16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





(8.128) 
.320 
.300 

(7.620) 



.385 
MAX. 
(9.779) 



18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



,920 (23.000) 
880 (22.352) 




.070(1.778) 
MAX. 

165(4.191) 
140 (3.556) 




,110 ( 2.794) 
.090 (2.286) 



(9.779) 



20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.385 
MAX. 
(9.779) 



22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




1.095 (27.813) 
1.060 (26.924) 
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AFN-01301A-03 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE D 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




.200(5.08) 



.125 (3.175) 
MIN. 



_1.100REF. 
(27.940) 



rJ C 



cm 




..090 (2.286) 



.175(4.445) 



jZI 



.110(2.794) 
.090 (2.286) 



060 TYP. 

(1.524) H -»-ll«"-.020 (0.508) 

.032 TYP. 016 (0406) 

(0.813) 



.140(3.556) 

.020 MIN - "™ 
(.508) (0254) 




24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




1.285 (32.639 ) 
1.235 (31.369) 



o 



.200 (5.08) 




.515(13.081) 090(2 . 286) 




J 



(15.748) 






t> 




.185(4.699) 
.140(3.556) 



■ (0.254) (15.240) 



To20 MIN. 
(.508) 



^.Jl .020(0508) 
• l^ ni« in Ar\R\ 




28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




1.435 (36.449) 



o 



.600(15.240) 
.515(13.081) 



.085(2.159) 



.200 (5.08) 
MAX. 




(2.794) f_ 



|*- .060 TYP. 



(2.15 
IAX. 



(15.748) 
.620 



" (0.254) (15.240) 



1— L 



f~020MIN. 
_ _ (-508) 

II . 020(0.508) 

II 01R tn/MR\ 



" .185(3.556) 
.140(4.669) 

.010 TYP. 
(0.254) 



rj 



L 



.700 

MAX. _ 
(17.780) 



0° 
' 10° 
REF. 
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AFN-01301A-05 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE D 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



2.080 (52.832) 




(15.748) 
■620 
.600 

(15.240) 



h- MAX. -J 
(17.780) 



40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 




(15.748) 

.620 

.600 " 
(15.240) 



(17.780) 



T2-7 



AFN-01301A-06 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE C 

16-LEAD CERAMIC DUAL IN-LINE 
PACKAGE TYPE C 



.810(20.574) 



.790 (20.066) 




.165(4.191) 
.110(2.794) 




.100 (2.540) 



.075(1.905) 
T.1 1 5 (2.921) 



.085 (2.159) 
,050(1.270) .010 typ. 



(8.128) 

.3 20 

" .290 

(7.366) 



-t 



U/10° 
! REF. 



I .325 

U— M"" 



MAX. 
(8.255) 



J 



■910(23.114) 



18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 





_^ L .050 TYP. 

"^ •*" (1.270) .0221 0.558) 



.032 TYP. _^. -_ 
(0.813) 



.075(1.905) 
. 115(2.921) 
"085(2.159) 
1.270) 



010TYP._^^_ 
(0.254) HT 



s 
REF. 



.325 

U— MAX.-H 
(8.255) 



20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 





~f .050(1.270) 
- ij .025(0.635) 

_J .022 (0.588) 
.015(0.381) 



.085(2.159) 



(8.128) 

.3 20 

" .2 90 

(7.366) 



0° 
-■ REF. 



I .325 I 

U— MAX. -H 



(8.255) 
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AFN-01301A-04 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL INLINE PACKAGE TYPE C 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 





. 605(15.367) 

,585 (14.859) 

.070 (1.778) 
.030 (0.762) 

J 

100(2.540) 



.075(1.905) 
T .150 (3.810) 

£.0i 



"J . 060 (1.524) 
ii .025 (.635) 

II .022 (0.558) 
~*""* _ . 015 (0.381) 



.085(2.159) 

.010 TYP. 
(0.254) 



(15.748) 
■620 
" .590 
(14.986) 



f 



\J 



0° 
J 10° 
REF. 



.665 l 

- MAX. -J 
(16.89) 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 




PIN 1 MARK 




.100(2.540) 



.080 (2.032) 
~T .150(3.810) 



.090 (2.286) 
•060(1-524) ™™ 



(15.748) 
.620 



.590 
(14.986) 



.040(1.016) 



-F 



V^ 



0° 
,10° 
REF. 



.665 I 
- MAX. —J 
(16.89) 



40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



•<f 








.665 | 
MAX. — H 
(16.89) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 



CERAMIC DUAL IN-LINE PACKAGE TYPE B 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 



1.285 (32.639 ) 
1.235 (31.369) 



(15.748) 
.620 




-olU- .020 (0.508) 
.032 TYP .016 (0.406) 

(0.813) 



MAX. 
(17.780) 



CERAMIC LEADLESS QUAD IN-LINE HERMETIC TYPE C 

64 PINS-REQUIRES A SOCKET 



TOP VIEW 

PIN1 - 



IT 



( 1.727) 
"(1.625) 



t 
■050 
(1.27) 



BOTTOM VIEW 



1.670 
1.630 




■450 REF 
(11.43) 



.100 REF. 
(2.540) 



t 
.024 (.6C 



.095 (2.413) 634 MAX. .120(3.048) 

.075(1.905) I (16.10) "1 .085(2.159) 
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AFN-01301A-08 



[PGgiUIMOtM^ 



DUAL IN-LINE LEADLESS PACKAGE AND SOCKET 
20 PINS 



7?\ 





J fi*Ki 



POLARIZATION TAB 



\ 

2.5° ±0.5° 



WEIGHT: 74 GRAMS NOMINAL, 80 GRAMS MAXIMUM 



PACKAGE OUTLINE 




TERMINALS SELECT 
PLATED GOLD WITH 
TIN PLATED P.C TAILS 



13) -j r-p 



4i 



ROTATION OF COVER 

HOUSING 3( 

POLYESTER - 



T^ 



; T": 



T 1 



*- 






■v 



RECOMMENDED 

P.C. BOARD HOLE 

PATTERN 



(2.41) 
.095 DIA. 
4 PLACES 



SOCKET OUTLINE 
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ORDERING INFORMATION 



Status Notices: 

raiUGMQIMCW — Indicates some electrical parameters are subject to change. 

*1 OMFO^GMTOOM — Indicates some functional characteristics are subject to change. 



Semiconductor components are identified as follows: 

Example: 

M D 2 1 1 



Four or five characters 
per device type 



Package Type 

B — Hermetic Package, Type B 

C — Hermetic Package, Type C 

D — Hermetic Package, Type D 

P — Plastic Package 

X — Unpackaged Device 



M — Indicates Military Grade 
I — Indicates Industrial Grade 



J L 



Up to three character 
modifier for power, 
speed, processing, etc. 



Examples: 

D2147H-1 High-speed 2147, 4096 x 1 RAM with 35 ns access time, hermetic package Type D, com- 

mercial temperature range. 

P8085A-2 8085A 8-bit microprocessor with 5 MHz clock, plastic package, commercial temperature 

range. 

MD3636/B 2Kx 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level B 
processing.* 

MD8080A/B 8080A microprocessor, hermetic package Type D, military temperature range, MIL-STD-883 
Level B processing.* 

Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 



*For Military products, MIL-STD-883 Level B processing is indicated by a IB suffix; all others should be specified by the "s" number 
suffix. 
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AFN-01289A 



INTEL PRODUCT SERVICE 



Today, it's essential to have dependable data processing 
and information storage equipment. 

To insure trouble-free performance, every Intel product is 
engineered and manufactured to exacting standards. But 
sometimes, even the finest components may malfunction. 

It's then that Intel Product Service delivers fast, econ- 
omical, quality maintenance and service support to keep 
vital projects on schedule. 

Intel is committed to providing a total service support 
package through a wide variety of service offerings 
available from Intel Product Service. 

Intel Product Service takes pride in its capabilities and in, 
the entire Intel systems product line, and is dedicated to 
total customer satisfaction. 




Customer Is Assured Maximum Equipment 
Performance 

The Intel Product Service team is a skilled group capable 
of solving any problem, either by phone or on-site. All ser- 
vice needs (including emergency service and preventive 
maintenance) are handled quickly and efficiently by 
Intel's Customer Engineers, supported by district, 
regional and factory specialists. 

This assures the customer of minimum downtime and 
maximum equipment performance. 

Immediate Availability of Service and Parts 

Working from field service offices throughout the United 
States, Canada and abroad, Intel's Customer Engineers 
provide maintenance agreement customers with equip- 
ment installation and regularly scheduled preventive 
maintenance, including automatic installation of 
engineering changes as they occur. 



If there should be an equipment problem, customers con- 
tact the nearest Intel service location. If the customer loca- 
tion is within Intel's service area, an Intel Customer 
Engineer is dispatched to the site as quickly as possible. 
Once there, using advanced diagnostic tools and 
sophisticated test equipment, the Customer Engineer will 
determine the trouble and the replacement parts needed. 
With Intel's vast inventory of replacement parts, the right 
part is always available on the shortest notice, and the 
Customer Engineer is able to make repairs quickly and 
verify performance. 




Product Service Alternatives 

Intel offers customers a number of service alternatives. . . 
all at reasonable prices and featuring the quality expected 
of the industry leader. 

First, there's the Maintenance Agreement, which guar- 
antees maintenance at the customer's site plus parts 
replacement and labor at no extra charge beyond an 
easy-to-budget, fixed monthly rate-all billed against 
one purchase order. The Maintenance Agreement 
features preventive maintenance which helps keep 
emergencies at a minimum. But should an emergency 
arise, a Customer Engineer is sent to the site immediately. 
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Of course Intel provides service for every system it sells. 
Thus, site service, parts replacement and repair are also 
available without a Maintenance Agreement. However, 
the site must be within a reasonable distance of an Intel 
field service location, and all charges are paid as they 
are incurred. 

For customers not located in an Intel service area, or for 
those who prefer direct factory service, an Intel Direct 
Return Authorization enables the customer to return 
parts direct to Intel for repair, refurbishing and upgrade 
services by its factory experts. This service is offered with 
or without contract. (With contract, one purchase order 
covers all returns. Without contract, a separate purchase 
order is needed for each individual return.) 



Toll-Free Service Hotline 

In the United States, Intel's toll-free service Hotline is a 
direct connection to service support specialists who can 
help immediately. 

If on-site service is available, they direct the customer to 
the nearest Intel field service location. If not, Hotline 
specialists can usually help locate the trouble... and in- 
dicate how to make the necessary repairs. 

Whichever service alternative is chosen, the customer is 
assured fast, affordable service. Intel offers customers the 
total service they need-that is one of the most important 
benefits of buying Intel products. 




When distance from an Intel field location is too great, the 
Before Return Replacement contract is the logical solu- 
tion for customers. To allow them to save valuable time 
and make repairs as soon as possible should trouble strike, 
a call via Intel's Hotline puts the customer in direct contact 
with support specialists who can determine which part is 
needed to repair the system. The part is then sent 
immediately-before the return of the old part to Intel. 
This service is also available with or without contract. 
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U.S. AND CANADIAN SERVICE OFFICES 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



800-528-0595 

TOLL-FREE U.S. HOT-LINE NUMBER 

For service in Arizona and Canada call (602)869-4600 



CALIFORNIA 

Intel Corp. 

1601 Old Bayshore Hwy. 
Suite 345 
Burlingame 94010 
Tel: (415) 692-4762 
TWX: 910-375-3310 

Intel Corp. 
2000 E. 4th Street 
Suite 110 
Santa Ana 92705 
Tel: (714) 835-2670 
TWX: 910-595-2475 

Intel Corp. 

7670 Opportunity Road 
San Diego 921 11 
Tel: (714) 268-3563 

Intel Corp. 
3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-8068 

Intel Corp. 
5530 N. Corbin 
Tarzana91356 
Tel: (213) 708-0333 

COLORADO 

Intel Corp. 
650 South Cherry 
Suite 720 
Denver 80222 
Tel: (303)321-8086 
TWX: 910-931-2289 

FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street 

Suite 406 

Ft. Lauderdale 33309 

Tel: (305) 771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 AdamsonSt. 

Orlando 32804 

Tel: (305)628-2393 

GEORGIA 

Intel Corp. 

3300 Holcombe Bridge Rd. 

Suite 225 

Norcross 30092 

Tel: (404) 449-0541 

ILLINOIS 

Intel Corp. 

2550 Golf Road 

Suite 815 

Rolling Meadows 60008 

Tel: (312) 981-7230 

TWX: 910-253-1825 

KANSAS 

Intel Corp. 

9393 W. 110th Street 
Suite 265 

Overland Park 66210 
Tel: (913) 642-8080 



MARYLAND 

Intel Corp. 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 

MASSACHUSETTS 

Intel Corp. 

27 Industrial Avenue 
Chelmsford 01824 
Tel: (617)667-8126 
TWX: 710-343-6333 

MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 

Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 810-224-4915 

MINNESOTA 

Intel Corp. 
7401 Metro Blvd. 
Suite 355 
Edina 55435 
Tel: (612) 835-6722 
TWX: 910-576-2867 

MISSOURI 

Intel Corp. 

502 Earth City Plaza 

Suite 121 

Earth City 63045 

Tel: (314) 291-1990 

NEW JERSEY 

Intel Corp. 

2460 Lemoine Avenue 

Ft. Lee 07024 

Tel: (201) 947-6267 

TWX: 710-991-8593 

OHIO 

Intel Corp. 

Chagrin-Brainard Bldg. 300 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 
TWX: 810-427-9298 

Intel Corp. 
6500 Poe Avenue 
Dayton 45414 
Tel: (513) 890-5350 
TWX: 810-450-2528 



OREGON 

Intel Corp. 

10700 S.W. Beaverton-Hillsdale Hwy. 

Suite 22 

Beaverton 97005 

Tel: (503) 641-8086 

TWX: 910-467-8741 

PENNSYLVANIA 

Intel Corp. 

510 Pennsylvania Ave. 

3rd Floor 

Fort Washington 19034 

Tel: (215)641-1000 

TWX: 510-661-2077 

TEXAS 

Intel Corp. 

313 E.Anderson Lane 

Suite 314 

Austin 78752 

Tel: (512) 454-3628 

TWX: 910-874-1347 

Intel Corp. 

2925 L.B.J. Freeway 

Suite 175 

Dallas 75234 

Tel: (21 4) 241 -2820 

TWX: 910-860-5617 

Intel Corp. 

6420 Richmond Avenue 

Suite 280 

Houston 77057 

Tel: (713) 784-1300 

TWX: 910-881-2490 

VIRGINIA 

Intel Corp. 

7700 Leesburg Pike 

Suite412 

Falls Church 22043 

Tel: (703) 734-9707 

TWX: 710-931-0625 

WASHINGTON 

Intel Corp. 
1603 116th Ave. N.E. 
Suite 114 
Bellevue 98005 
Tel: (206) 232-7823 
TWX: 910-443-3002 

WISCONSIN 

Intel Corp. 

150 S. Sunnyslope Road 
Suite 148 
Brookfield 53005 
Tel: (414) 784-9060 



CANADA 

Intel Corp. 

50 Galaxy Blvd. 

Unit 12 

Rexdale, Ontario 

M9W4Y5 

Tel: (416) 675-2105 

Telex: 069-89278 

Intel Corp. 

39 Hwy. 7, Bell Corners 

Ottawa, Ontario 

K2H 8R2 

Tel: (613) 829-9714 

Telex: 053-4115 



This list of service offices is accurate as of the 
date of printing. However, new offices are being 
added as required. 
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U.S. AND CANADIAN SALES OFFICES 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408)987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



Intel Corp. 

303 Williams Avenue, S.W. 

Suite 1422 

Huntsville 35801 

Tel: (205)533-9353 

Pen-Tech Associates, Inc. 

Holiday Office Center 

3322 Memorial Pkwy., S.W. 

Huntsville 35801 

Tel: (205)881-9298 

ARIZONA 

Intel Corp. 

10210 N. 25th Avenue, Suite 11 

Phoenix 85021 

Tel: (602)997-9895 

BFA 

4426 North Saddle Bag Trail 

Scottsdale 85251 

Tel: (602)994-5400 

CALIFORNIA 

Intel Corp. 

7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714)268-3563 
Intel Corp.* 
2000 East 4th Street 
Suite 100 
Santa Ana 92705 
Tel: (714)835-9642 
TWX: 910-595-1114 
Intel Corp.* 
15335 Morrison 
Suite 345 

Sherman Oaks 91403 
Tel: (213)986-9510 
TWX: 910-495-2045 
Intel Corp.* 
3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408)987-8086 
TWX: 910-339-9279 
910-338-0255 
Earle Associates, Inc. 
4617 Ruffner Street 
Suite 202 
San Diego 921 1 1 
Tel: (714)278-5441 
Mac-I 

2576 Shattuck Ave. 
Suite 4B 
Berkeley 94704 
Tel: (415)843-7625. 
Mac-I 

P.O. Box 1420 
Cupertino 95014 
Tel: (408)257-9880 
Mac-I 

558 Valley Way 
Calaveras Business Park 
Milpitas 95035 
Tel: (408)946-8885 
Mac-I 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714)839-3341 
Mac-I 

1321 Centinela Avenue 
Suite 1 

Santa Monica 90404 
Tel: (213)829-4797 

20121 Ventura Blvd., Suite 240E 
Woodland Hills 91364 
Tel: (213)347-5900 

COLORADO 

Intel Corp.* 
650 S. Cherry Street 
Suite 720 
Denver 80222 
Tel: (303)321-8086 
TWX: 910-931-2289 
Westek Data Products, Inc. 
25921 Fern Gulch 
P.O. Box 1355 
Evergreen 80439 
Tel: (303)674-5255 
Westek Data Products, Inc. 

1322 Arapahoe 
Boulder 80302 
Tel: (303)449-2620 
Westek Data Products, Inc. 
1228 W. Hinsdale Dr. 
Littleton 80120 

Tel: (303)797-0482 



CONNECTICUT 

Intel Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 

Danbury 06810 

Tel: (203)792-6366 

TWX: 710-456-1199 

FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street, Suite 406 

Ft. Lauderdale 33309 

Tel: (305)771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 203 

Orlando 32804 

Tel: (305)628-2393 

TWX: 810653-9219 

Pen-Tech Associates, Inc. 

201 S.E. 15th Terrace, Suite K 

Deerfield Beach 33441 

Tel: (305)421-4989 

Pen-Tech Associates, Inc. 

111 So. Maitland Ave., Suite 202 

P.O. Box 1475 

Maitland 32751 

Tel: (305)645-3444 

QEORQIA 

Pen Tech Associates, Inc. 
Cherokee Center, Suite 21 
627 Cherokee Street 
Marietta 30060 
Tel: (404)424-1931 

ILLINOIS 

Intel Corp.* 

2550 Golf Road, Suite 815 
Rolling Meadows 60008 
Tel: (312)981-7200 
TWX: 910-651-5881 
Technical Representatives 
1502 North Lee Street 
Bloomington 61701 
Tel: (309)829-8080 

INDIANA 

Intel Corp. 
9101 Wesleyan Road 
Suite 204 
Indianapolis 46268 
Tel: (317)299-0623 

IOWA 

Technical Representatives, Inc. 
St. Andrews Building 
1930 St. Andrews Drive N.E. 
Cedar Rapids 52405 
Tel: (319)393-5510 

KANSAS 

Intel Corp. 

9393 W. 110th St., Ste. 265 

Overland Park 66210 

Tel: (913)642-8080 

Technical Representatives, Inc. 

8245 Nieman Road, Suite 100 

Lenexa 66214 

Tel: (913)888-0212,3, & 4 

TWX: 910-749-6412 

Technical Representatives, Inc: 

360 N. Rock Road 

Suite 4 

Wichita 67206 

Tel: (316)681-0242 

MARYLAND 

Intel Corp.* 
7257 Parkway Drive 
Hanover 21076 
Tel: (301)796-7500 
TWX: 710-862-1944 
Mesa Inc. 

11900 Parklawn Drive 
Rockville 20852 

Tel: Washington (301) 881-8430 
Baltimore (301) 792-0021 

MASSACHUSETTS 

Intel Corp.* 
27 Industrial Ave. 
Chelmsford 01824 
Tel: (617)667-8126 
TWX: 7T0-343-6333 
EMC Corp. 
381 Elliot Street 
Newton 02164 
Tel: (617)244-4740 
TWX: 922531 



MICHIGAN 

Intel Corp.* 

26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel: (313)353-0920 
TWX: 810-244-4915 
Lowry & Associates, Inc. 
135 W. North Street 
Suite 4 

Brighton 48116 
Tel: (313)227-7067 
Lowry & Associates, Inc. 
3902 Costa NE 
Grand Rapids 49505 
Tel: (616)363-9839 

MINNESOTA 

Intel Corp. 
7401 Metro Blvd. 
Suite 355 
Edina 55435 
Tel: (612)835-6722 
TWX: 910-576-2867 

MISSOURI 

Intel Corp. 

502 Earth City Plaza 

Suite 121 

Earth City 63045 

Tel: (314)291-1990 

Technical Representatives, Inc. 

320 Brookes Drive, Suite 104 

Hazelwood 63042 

Tel: (314)731-5200 

TWX: 910-762-0618 

NEW JERSEY 

Intel Corp.* 
Raritan Plaza 
2nd Floor 
Raritan Center 
Edison 08817 
Tel: (201)225-3000 
TWX: 710-4804238 

NEW MEXICO 

BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (505)523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 871 1 1 
Tel: (505)292-1212 
TWX: 910-989-1157 

NEW YORK 

Intel Corp.* 

350 Vanderbilt Motor Pkwy. 

Suite 402 

Hauppauge 11787 

Tel: (516)231-3300 

TWX: 510-227-6236 

Intel Corp. 

80 Washington St. 

Poughkeepsie 12601 

Tel: (914)473-2303 

TWX: 510-248-0060 

Intel Corp.* 

2255 Lyell Avenue 

Lower Floor East Suite 

Rochester 14606 

Tel: (716)254-6120 

TWX: 510-253-7391 

Measurement Technology, Inc. 

159 Northern Boulevard 

Great Neck 11021 

Tel: (516)482-3500 

T-Squared 

4054 Newcourt Avenue 

Syracuse 13206 

Tel: (315)463-8592 

TWX: 710-541-0554 

T-Squared 

2 E. Main 

Victor 14564 

Tel: (716)924-9101 

TWX: 510-254-8542 

NORTH CAROLINA 

Intel Corp. 

154 Huffman Mill Rd. 
Burlington 27215 
Tel: (919)584-3631 
Pen-Tech Associates, Inc. 
1202 Eastchester Dr. 
Highpoint 27260 
Tel: (919)883-9125 



OHIO 

Intel Corp.* 

6500 Poe Avenue 

Dayton 45415 

Tel: (513)890-5350 

TWX: 810-450-2528 

Intel Corp.* 

Chagrin-Brainard Bldg., No. 210 

28001 Chagrin Blvd. 

Cleveland 44122 

Tel: (216)464-2736 

TWX: 810-427-9298 

OREGON 

Intel Corp. 

10700 S.W. Beaverton 
Hillsdale Highway 
Suite 324 
Beaverton 97005 
Tel: (503)641-8086 
TWX: 910-467-8741 

PENNSYLVANIA 

Intel Corp.* 

275 Commerce Dr. 

200 Office Center 

Suite 300 

Fort Washington 19034 

Tel: (215)542-9444 

TWX: 510461-2077 

Q.E.D. Electronics 

300 N. York Road 

Hatboro 19040 

Tel: (215)674-9600 

TEXAS 

Intel Corp.* 

2925 LB J. Freeway 

Suite 175 

Dallas 75234 

Tel: (214)241-9521 

TWX: 910460-5617 

Intel Corp.* 

6420 Richmond Ave. 

Suite 280 

Houston 77057 

Tel: (713)784-3400 

TWX: 910481-2490 

Industrial Digital Systems Corp. 



Suite 101 

Houston 77036 

Tel: (713)988-9421 

Intel Corp. 

313 E. Anderson Lane 

Suite 314 

Austin 78752 

Tel: (512)454-3628 

WASHINGTON 

Intel Corp. 
Suite 114, Bldg. 3 
1603 116th Ave. N.E. 
Bellevue 98005 
Tel: (206)453-8086 
TWX: 910-443-3002 

WISCONSIN 

Intel Corp. 

150 S. Sunnyslope Rd. 
Brookfield 53005 
Tel: (414)784-9060 

CANADA 

Intel Semiconductor Corp.* 

Suite 233, Bell Mews 

39 Highway 7, Bells Corners 

Ottawa, Ontario K2H 8R2 

Tel: (613)829-9714 

TELEX: 053-4115 

Intel Semiconductor Corp. 

50 Galaxy Blvd. 

Unit 12 

Rexdale, Ontario 

M9W 4Y5 

Tel: (416)675-2105 

TELEX: 06983574 

Multilek, Inc.* 

15 Grenfell Crescent 

Ottawa, Ontario K2G 0G3 

Tel: (613)226-2365 

TELEX: 053-4585 

Multilek, Inc. 

Toronto 

Tel: (416)245-4622 

Multilek, Inc. 

Montreal 

Tel: (514)481-1350 
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U.S. AND CANADIAN DISTRIBUTORS 



ALABAMA 

tHamilton/Avnet Electronics 
4812 Commercial Drive N.W. 
Huntsville 35805 
Tel: (205)837-7210 

fPioneer/Huntsville 
1207 Putman Drive NW 
Huntsville 35805 
Tel: (205)837-9033 
TWX: 810-726-2197 

ARIZONA 

fHamilton/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602)275-7851 
tWyle Distribution Group 
8155 N. 24th Avenue 
Phoenix 85021 
Tel: (602)249-2232 
TWX: 910-951-4282 

CALIFORNIA 

Arrow Electronics, Inc. 
Electronics Distribution Division 
9511 Ridge Haven Court 
San Diego 92123 
Tel: (714)565-4800 
Arrow Electronics, Inc. 
Electronics Distribution Division 
720 Palomar Avenue 
Sunnyvale, California 94086 
Tel: (408)739-3011 
tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714)754-6111 
TWX: 910-595-1928 

Hamilton/Avnet Electronics 
1175 Bordeaux Dr. 
Sunnyvale 94086 
Tel: (408)743-3355 
TWX: 910-339-9332 

fHamilton/Avnet Electronics 
4545 Viewridge Ave. 
San Diego 92123 
Tel: (714)571-7510 
TWX: 910-335-1216 

fHamilton/Avnet Electronics 
10950 W. Washington Blvd. 
Culver City 90230 
Tel: (213)558-2809 
TWX: 910-340-6364 or 7073 
t Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714)641-4100 

tAvnet Electronics 
4942 Rosecrans Ave. 
Hawthorne 90250 
Tel: (213)970-0956 
tWyle Distribution Group 
124 Maryland Street 
El Segundo 90245 
Tel: (213)322-3826 
TWX: 910-348-7140 or 7111 

tWyle Distribution Group 
9525 Chesapeake Dr. 
San Diego 92123 
Tel: (714)565-9171 
TWX: 910-335-1590 
tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95052 
Tel: (408)727-2500 
TWX: 910-338-0451 or 0296 

Hamilton/Avnet Electronics 
3170 Pullman 
Costa Mesa 92626 
Tel: (714)641-1850 



COLORADO 

Arrow Electronics, Inc. 
Electronics Distribution Division 
2121 South Hudson Street 
Denver 80222 
Tel: (303)758-2100 

tWyle Distribution Group 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303)287-9611 
TWX: 910-931-0510 
tHamilton/Avnet Electronics 
8765 E. Orchard Road 
Suite 708 
Englewood 80111 
Tel: (303)740-1000 
TWX: 910-931-0510 

CONNECTICUT 

tArrow Electronics 

12 Beaumont Road 

Wallingford 06492 

Tel: (203)265-7741 

TWX: 710-476-0162 

tHamilton/Avnet Electronics 

643 Danbury Road 

Georgetown 06829 

Tel: (203)762-0361 

tHarvey Electronics 

112 Main Street 

Norwalk 06851 

Tel: (203)853-1515 

TWX: 710-468-3373 

FLORIDA 

tArrow Electronics 
1001 N.W. 62nd Street 
Suite 108 

Ft. Lauderdale 33309 
Tel: (305)776-7790 
tArrow Electronics 
115 Palm Bay Road, NW 
Suite 10, Bldg. 200 
Palm Bay 32905 
Tel: (305)725-1480 
TWX: 510-959-6337 
tHamilton/Avnet Electronics 
6800 Northwest 20th Ave. 
Ft. Lauderdale 33309 
Tel: (305)971-2900 
TWX: 510-955-3097 

t Pioneer/Orlando 

6220 S. Orange Blossom Trail 

Suite 412 

Orlando 32809 

Tel: (305)859-3600 

TWX: 810-850-0177 

Hamilton/Avnet Electronics 
3197 Tech. Drive North 
St. Petersburg 33702 
Tel: (813)576-3930 
TWX: 810-863-0374 

GEORGIA 

Arrow Electronics 
2979 Pacific Drive 
Norcross 30071 
Tel: (404)449-8252 
TWX: 810-757-4213 
tHamilton/Avnet Electronics 
6700 I-85 Access Road, No. 11 
Suite 1E 
Norcross 30071 
Tel: (404)448-0800 



ILLINOIS 

Arrow Electronics 
492 Lunt Avenue 
P.O. Box 94248 
Schaumburg 60193 
Tel: (312)893-9420 
TWX: 910-222-1807 

tHamilton/Avnet Electronics 
3901 No. 25th Avenue 
Schiller Park 60176 
Tel: (312)678-6310 
TWX: 910-227-0060 

Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove 60007 
Tel: (312)437-9680 
TWX: 910-222-1834 

INDIANA 

t Pioneer/Indiana 
6408 Cast lep lace Drive 
Indianapolis 46250 
Tel: (317)849-7300 
TWX: 810-260-1794 

KANSAS 

tHamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913)888-8900 
tComponent Specialties, Inc. 
8369 Nieman Road 
Lenexa 66214 
Tel: (913)492-3555 

MARYLAND 

Arrow Electronics, Inc. 
Electronics Distribution Division 
4801 Benson Avenue 
Baltimore 21227 
Tel: (301)247-5200 
(202)737-1700 
tHamilton/Avnet Electronics 
7235 Standard Drive 
Hanover 21076 
Tel: (301)796-5684 
TWX: 710-862-1861 
t Pioneer/ Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301)948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

tHamilton/Avnet Electronics 
50 Tower Office Park 
Wobum 01801 
Tel: (617)273-7500 
tArrow Electronics 
96D Commerce Way 
Woburn 01801 
Tel: (617)933-8130 

Harvey/Boston 
44 Hart well Ave. 
Lexington 02173 
Tel: (617)861-9200 

MICHIGAN 

tArrow Electronics 

3810 Varsity Drive 

Ann Arbor 48104 

Tel: (313)971-8220 

TWX: 810-223-6020 

t Pioneer/ Michigan 

13485 Stamford 

Livonia 48150 

Tel: (313)525-1800 

TWX: 810-242-3271 

tHamilton/Avnet Electronics 

32487 Schoolcraft Road 

Livonia 48150 

Tel: (313)522-4700 

TWX: 810-242-8775 



MINNESOTA 

t Industrial Components 

5229 Edina Industrial Blvd. 
Minneapolis 55435 

Tel: (612)831-2666 
TWX: 910-576-3153 
tArrow Electronics 

5230 W. 73rd Street 
Edina 55435 

Tel: (612)830-1800 
TWX: 910-576-2726 

tHamilton/Avnet Electronics 

7449 Cahill Road 

Edina 55435 

Tel: (612)941-3801 

TWX: 910-576-2720 

MISSOURI 

tHamilton/Avnet Electronics 
396 Brookes Lane 
Hazelwood 63042 
Tel: (314)731-1144 
TWX: 910-762-0606 

NEW HAMPSHIRE 

tArrow Electronics 
1 Perimeter Road 
Manchester 03103 
Tel: (603)668-6968 

NEW JERSEY 

tArrow Electronics 
Pleasant Valley Avenue 
Moorestown 08057 
Tel: (609)235-1900 
TWX: 710-897-0829 
tArrow Electronics 
285 Midland Avenue 
Saddle Brook 07662 
Tel: (201)797-5800 
TWX: 710-988-2206 
Hamilton/Avnet Electronics 
10 Industrial Road 
Fairfield 07006 
Tel: (201)575-3390 
TWX: 710-734-4338 

tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201)575-3510 
TWX: 710-734-4382 

tHamilton/Avnet Electronics 

1 Keystone Ave. 

Bldg. 36 

Cherry Hill 08034 

Tel: (609)424-0100 

TWX: 710-897-1405 

NEW MEXICO 

tAlliance Electronics Inc. 
11721 Central Ave. N.E. 
Albuquerque 87123 
Tel: (505)292-3360 
TWX: 910-989-1151 

Arrow Electronics, Inc. 
Electronics Distribution Division 
2460 Alamo Avenue, Southeast 
Albuquerque 87106 
Tel: (505)243-4566 

tHamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87106 
Tel: (505)765-1500 
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U.S. AND CANADIAN DISTRIBUTORS 



NEW YORK 

Harvey Electronics 
P.O. Box 1208 
Binghampton 13902 
Tel: (607)748-8211 
TWX: 510-252-0893 

Arrow Electronics 
900 Broad Hollow Road 
Farmingdale 11735 
Tel: (516)694-6800 
TWX: 510-224-6494 

fArrow Electronics 
3000 South Winton Road 
Rochester 14623 
Tel: (716)275-0300 
TWX: 910-338-0026 

t Hamilton/ Avnet Electronics 
167 Clay Road 
Rochester 14623 
Tel: (716)475-9130 
TWX: 910-340-6364 

fArrow Electronics 
7705 Maltlage Drive 
Liverpool 13088 
Tel: (315)652-1000 
TWX: 710-545-0230 

Arrow Electronics 
20 Oser Avenue 
Hauppauge 11787 
Tel: (516)231-1000 
TWX: 510-224-6494 

t Hamilton/ Avnet Electronics 

16 Corporate Circle 

E. Syracuse 13057 

Tel: (315)437-2641 

tHamilton/Avnet Electronics 

5 Hub Drive 

Melville, Long Island 11746 

Tel: (516)454-6000 

TWX: 510-252-0893 

tHarvey Electronics 
60 Crossways Park West 
Woodbury 11797 
Tel: (516)921-8700 
TWX: 510-221-2184 

Harvey/Rochester 
840 Airport Park 
Fairport 14450 
Tel: (716)381-7070 

NORTH CAROLINA 

Pioneer/ Carolina 
106 Industrial Ave. 
Greensboro 27406 
Tel: (919)273-4441 
TWX: 510-925-1114 
fHamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh 27609 
Tel: (919)829-8030 
Arrow Electronics 
938 Burke Street 
Winston-Salem 27102 
Tel: (919)725-8711 
TWX: 510-922-4765 



OHIO 

Arrow Electronics 
7620 McEwen Road 
Centerville 45459 
Tel: (513)435-5563 
TWX: 810-459-1611 

Arrow Electronics 

6238 Cochran Rd. 

Solon 44139 

Tel: (216)248-3990 

tHamilton/Avnet Electronics 

954 Senate Drive 

Dayton 45459 

Tel: (513)433-0610 

TWX: 910-340-2531 

t Pioneer/ Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513)236-9900 

TWX: 810-459-1622 

Arrow Electronics 

10 Knollcrest Dr. 

Cincinnati 45237 

Tel: (513)761-5432 

TWX: 810-461-2670 

t Pioneer/Cleveland 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216)587-3600 
TWX: 810-422-2210 

tHamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Heights 44128 
Tel: (216)831-3500 

OKLAHOMA 

tComponents Specialties, Inc. 

7920 E. 40th Street 

Tulsa 74145 

Tel: (918)664-2820 

TWX: 910-845-2215 

OREGON 

tHamilton/Avnet Electronics 
6024 SW Jean Rd. 
Bldg. C, Suite 10 
Lake Oswego 97034 
Tel: (503)635-8157 
tAlmac/Stroum Electronics 
8022 S.W. Nimbus, Bldg. 7 
Beaverton 97005 
Tel: (503)641-9070 

PENNSYLVANIA 

Pioneer/ Pittsburgh 
560 Alpha Drive 
Pittsburgh 15238 
Tel: (412)782-2300 
TWX: 710-795-3122 
Pioneer/ Delaware Valley 
141 Gibraltar Road 
Horsham 19044 
Tel: (215)674-4000 
TWX: 510-665-6778 
t Arrow/ Electronics 
4297 Greensburg Pike 
Suite 3114 
Pittsburgh 15221 
Tel: (412)351-4000 

TENNESSEE 

tArrow Electronics 

P.O. Box 129 

W. Andrew Johnson Hwy. 

Talbott 37677 

Tel: (615)587-2137 



TEXAS 

Arrow Electronics 

13715 Gamma Road 

Dallas 75234 

Tel: (214)386-7500 

TWX: 910-861-5495 

Arrow Electronics, Inc. 

Electronics Distribution Division 

10700 Corporate Drive, Suite 100 

Stafford 77477 

Tel: (713)491-4100 

Component Specialties Inc. 

8222 Jamestown Drive 

Suite 115 

Austin 78757 

Tel: (512)837-8922 

TWX: 910-874-1320 

Hamilton/Avnet Electronics 
10508A Boyer Blvd. 
Austin 78757 
Tel: (512)837-8911 
fHamilton/Avnet Electronics 
4445 Sigma Road 
Dallas 75240 
Tel: (214)661-8661 
TWX: 910-860-5371 
tHamilton/Avnet Electronics 
3939 Ann Arbor Drive 
Houston 77063 
Tel: (713)780-1771 

tComponent Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214)357-6511 

TWX: 910-861-4999 

tComponent Specialties, Inc. 

8585 Commerce Park Drive, Suite 590 

Houston 77036 

Tel: (713)771-7237 

TWX: 910-881-2422 

UTAH 

tHamilton/Avnet Electronics 
1585 West 2110 South 
Salt Lake City 84119 
Tel: (801)972-2800 

WASHINGTON 

Arrow Electronics, Inc. 
Electronics Distribution Division 
1059 Andover Park East 
Tukwi la 98188 
Tel: (206)575-0907 

tHamilton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206)746-8750 

tAlmac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206)763-2300 
TWX: 910-444-2067 

tWyle Distribution Group 
1750 132nd Avenue NE 
Bellevue 98005 
Tel: (206)453-8300 
TWX: 910-443-2526 

WISCONSIN 

tArrow Electronics 
430 W. Rawson Avenue 
Oak Creek 53154 
Tel: (414)764-6600 
TWX: 910-338-0026 

tHamilton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414)784-4510 
TWX: 910-262-1182 



CANADA 

ALBERTA 

Zentronics 
9224 27th Avenue 
Edmonton T6N 1B2 
tL.A. Varah Ltd. 
4742 14th Street N.E. 
Calgary T2E 6L7 
Tel: (403)230-1235 
TWX: 018-258-97 

Zentronics 
3651 21st N.E. 
Calgary T2E 6T5 
Tel: (403)230-1422 

BRITISH COLUMBIA 

tLA. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y1C4 
Tel: (604)873-3211 
TWX: 610-929-1068 

Zentronics 
550 Cambie St. 
Vancouver V6B 2N7 
Tel: (604)688-2533 
TWX: 04-5077-89 

MANITOBA 

L.A. Varah 

1-1832 King Edward Street 
Winnipeg R2R 0N1 
Tel: (204)633-6190 
TWX: 07-55-365 

Zentronics 
590 Berry St. 
Winnipeg R3H 0S1 
Tel: (204)775-8661 

ONTARIO 

tLA. Varah, Ltd. 
505 Kenora Avenue 
Hamilton L8E 3P2 
Tel: (416)561-9311 
TWX: 061-8349 
tHamilton/Avnet Electronics 
3688 Nashua Drive, Units G & H 
Mississauga L4V 1M5 
Tel: (416)677-7432 
TWX: 610-492-8860 
tHamilton/Avnet Electronics 
1735 Court wood Crescent 
Ottawa K2C 3J2 
Tel: (613)226-1700 

tZentronics 

141 Catherine Street 

Ottawa K2P1C3 

Tel: (613)238-6411 

TWX: 053-3636 

tZentronics 

1355 Meyerside Drive 

Mississauga, Ontario L5T 1C9 

Tel: (416)676-9000 

Telex: 06-983-657 

QUEBEC 

tHamilton/Avnet Electronics 
2670 Sabourin Street 
St. Laurent H4S1M2 
Tel: (514)331-6443 
TWX: 610-421-3731 

Zentronics 
5010 Pare Street 
Montreal H4P1P3 
Tel: (514)735-5361 
TWX: 05-827-535 
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INTERNATIONAL SALES AND MARKETING OFFICES 



INTERNATIONAL DISTRIBUTORS/ REPRESENTATIVES 



ARGENTINA 

Micro Sistemas S.A. 

9 De Julio 561 

Cordoba 

Tel: 54-51-32-880 

TELEX: 51837 BICCO 

AUSTRALIA 

A.J.F. Systems & Components Pty. Ltd. 

310 Queen Street 

Melbourne 

Victoria 3000 

Tel: 

TELEX: 

Warburton Franki 

Corporate Headquarters 

372 Eastern Valley Way 

Chatswood, New South Wales 2067 

Tel: 407-3261 

TELEX: AA 21299 

AUSTRIA 

Bacher Elektronische Geraete GmbH 
Rotenmulgasse 26 
A 1120 Vienna 
Tel: (0222)83 63 96 
TELEX: (01)1532 

Rekirsch Elektronik Geraete GmbH 
Lichtensteinstrasse 97 
A 1000 Vienna 
Tel: (222)347646 
TELEX: 74759 

BELGIUM 

Inelco Belgium S.A. 
Ave. des Croix de Guerre 94 
B1 120 Brussels 
Tel: (02) 216 01 60 
TELEX: 25441 

BRAZIL 

Icotron S.A. 

0511-Av. Mutinga3650 

6 Andar 

Pirituba-Sao Paulo 

Tel: 261-0211 

TELEX: (011) 222 ICO BR 

CHILE 

DIN 

Av. Vic. Mc kenna 204 

Casilla 6055 

Santiago 

Tel: 227 564 

TELEX: 3520003 

CHINA 

CM. Technologies 
525 University Avenue 
Suite A-40 
Palo Alto, CA 94301 

COLOMBIA 

International Computer Machines 
Adpo. Aereo 19403 
Bogota 1 
Tel: 232-6635 
TELEX: 43439 

CYPRUS 

Cyprus Eltrom Electronics 

P.O. Box 5393 

Nicosia 

Tel: 21-27982 

DENMARK 

STL-Lyngso Komponent A/S 

Ostmarken 4 

DK-2860 Soborg 

Tel: (01)67 00 77 

TELEX: 22990 

Scandinavian Semiconductor 

Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen 

Tel: (01)83 50 90 

TELEX: 19037 



FINLAND 

Oy Fintronic AB 

Melkonkatu 24 A 

SF-00210 

Helsinki 21 

Tel: 0-692 6022 

TELEX: 124 224 Ftron SF 

FRANCE 

Celdis S.A.* 

53, Rue Charles Frerot 

F-94250 Gentilly 

Tel: (1) 581 00 20 

TELEX: 200 485 

Feutrier 

Rue des Trois Glorieuses 

F-42270 St. Priest-en-Jarez 

Tel: (77)74 67 33 

TELEX: 300 21 

Metrologie* 
La Tour d'Asnieres 
4, Avenue Laurent Cely 
92606-Asnieres 
Tel: 791 44 44 
TELEX: 611 '48 
Tekelec Airtronic* 
Cite des Bruyeres 
Rue Carle Vernet 
F-92310 Sevres 
Tel: (1)534 75 35 
TELEX: 204552 

GERMANY 

Electronic 2000 Vertriebs GmbH 

Neumarkter Strasse 75 

D-8000 Munich 80 

Tel: (089)434061 

TELEX: 522561 

Jermyn GmbH 

Postfach 1180 

D-6077 Camberg 

Tel: (06434)231 

TELEX: 484426 

Kontron Elektronik GmbH 

Breslauerstrasse 2 

8057 Eching B 

D-8000 .Munich 

Tel: (89)319.011 

TELEX: 522122 

Neye Enatechnik GmbH 
Schillerstrasse 14 
D-2085 Quickborn-Hamburg 
Tel: (04106)6121 
TELEX: 02-13590 

GREECE 

American Technical Enterprises 
P.O. Box 156 
Athens 

Tel: 30-1-8811271 
30-1-8219470 

HONG KONG 

Schmidt & Co. 

28/F Wing on Center 

Connaught Road 

Hong Kong 

Tel: 5-455-644 

TELEX: 74766 Schmc Hx 

INDIA 

Micronic Devices 

104/109C, Nirmal Industrial Estate 

Sion (E) 

Bombay 400022, India 

Tel: 486-170 

TELEX: 011-5947 MDEV IN 

ISRAEL 

Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61390' 
Tel: 475151 
TELEX: 33638 



ITALY 

Eledra 3S S.P.A.* 

Viale Elvezia, 18 

I 20154 Milan 

Tel: (02)34.93.041-31.85.441 

TELEX: 332332 

JAPAN 

Asahi Electronics Co. Ltd. 

KMM Bldg. Room 407 

2-14-1 Asano, Kokura 

Kita-Ku, Kitokyushu City 802 

Tel: (093)511-6471 

TELEX: AECKY 7126-16 

Hamilton-Avnet Electronics Japan Ltd. 

YU and YOU Bldg. 1-4 Horidome-Cho 

Nihonbashi 

Tel: (03)662-9911 

TELEX: 2523774 

Nippon Micro Computer Co. Ltd. 

Mutsumi Bldg. 4-5-21 Kojimachi 

Chlyoda-ku, Tokyo 102 

Tel: (03)230-0041 

Ryoyo Electric Corp. 

Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 

Chuo-Ku, Tokyo 104 

Tel: (03)543-7711 

Tokyo Electron Ltd. 

No. 1 Higashikata-Machi 

Midori-Ku, Yokohama 226 

Tel: (045)471-8811 

TELEX: 781-4473 

KOREA 

Koram Digital 

Room 411 Ahil Bldg. 

49-4 2-GA Hoehyun-Dong 

Chung-Ku Seoul 

Tel: 23-8123 

TELEX: K23542 HANSINT 

Leewood International, Inc. 

C.P.O. Box 4046 

112-25, Sokong-Dong 

Chung-Ku, Seoul 100 

Tel: 28-5927 

CABLE: "LEEWOOD" Seoul 

NETHERLANDS 

Inelco Nether. Comp. Sys. BV 

Turfstekerstraat 63 

Aalsmeer 1431 D 

Tel: (2977)28855 

TELEX: 14693 

Koning & Hartman 

Koperwerf 30 

2544 EN Den Haag 

Tel: (70)210.101 

TELEX: 31528 

NEW ZEALAND 

W. K. McLean Ltd. 

P.O. Box 18-065 

Glenn Innes, Auckland, 6 

Tel: 587-037 

TELEX: NZ2763 KOSFY 

NORWAY 

Nordisk Elektronik (Norge) A/S 
Postoffice Box 122 
Smedsvingen 4 
1364 Hvalstad 
Tel: 02 78 62 10 
TELEX: 17546 

PORTUGAL 

D it ram 

Componentes E Electronica LDA 

Av. Miguel Bombarda, 133 

Lisboa 1 

Tel: (19)545313 

TELEX: 14347 GESPIC 

SINGAPORE 

General Engineers Associates 

Blk 3, 1003-1008, 10th Floor 

P.S.A. Multi-Storey Complex 

Telok Blangah/Pasir Panjang 

Singapore 5 

Tel: 271-3163 

TELEX: RS23987 GENERCO 



SOUTH AFRICA 

Electronic Building Elements 

Pine Square 

18th Street 

Hazelwood, Pretoria 0001 

Tel: 789 221 

TELEX: 30181SA 

SPAIN 

Interface 

Av. Generalisimo 51 9" 

E-Madrid 16 

Tel: 456 3151 

ITT SESA 

Miguel Angel 16 

Madrid 10 

Tel: (1)4190957 

TELEX: 27707/27461 

SWEDEN 

AB Gosta Backstrom 
Box 12009 
10221 Stockholm 
Tel: (08) 541 080 
TELEX: 10135 
Nordisk Electronik AB 
Box 27301 
S-10254 Stockholm 
Tel: (08)635040 
TELEX: 10547 

SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck80-21190 
CH-8021 Zurich 
Tel: (01)60 22 30 
TELEX: 56788 

TAIWAN 

Taiwan Automation Co.* 

3d Floor #75, Section 4 

Nanking East Road 

Taipei 

Tel: 771-0940 

TELEX: 11942 TAIAUTO 

TURKEY 

Turkelek Electronics 
Apapurk Boulevard 169 
Ankara 
Tel: 189483 

UNITED KINGDOM 

Com way Microsystems Ltd. 
Market Street 
68-Bracknell, Berkshire 
Tel: (344)51654 
TELEX: 847201 

G.E.C. Semiconductors Ltd. 

East Lane 

North Wembley 

Middlesex HA9 7PP 

Tel: (01)904-9303/908-4111 

TELEX: 28817 

Jermyn Industries 

Vestry Estate 

Sevenoaks, Kent 

Tel: (0732)501.44 

TELEX: 95142 

Rapid Recall, Ltd. 

6 Soho Mills Ind. Park 

Wooburn Green 

Bucks, England 

Tel: (6285)24961 

TELEX: 849439 

Sintrom Electronics Ltd.* 

Arkwright Road 2 

Reading, Berkshire RG2 0LS 

Tel: (0734)85464 

TELEX: 847395 

VENEZUELA 

Componentes y Circuitos 

Electronicos TTLCA CA. 
Apartado 3223 
Caracas 101 
Tel: 718-100 
TELEX: 21795 TELETIPOS 



'Field Application Location 



Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 



m ^H 



Intel International 

Rue du Moulin a Papier 51, Boite 1, 

B-1160 Brussels, Belgium 

Intel Japan K.K^ 
Flower Hill-Shinmachi East Bldg. 
1-2$-9, Shinmachi, Setagayu-ku 
Tokyo 154, Japan 
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